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(57) ABSTRACT 

There is provided a voice processing device. The device 
includes: score calculation unit configured to calculate a 
score indicating compatibility of a Voice signal input on the 
basis of an utterance of a user with each of plural pieces of 
intention information indicating each of a plurality of inten 
tions; intention selection unit configured to select the inten 
tion information indicating the intention of the utterance of 
the user among the plural pieces of intention information on 
the basis of the score calculated by the score calculation unit; 
and intention reliability calculation unit configured to calcu 
late the reliability with respect to the intention information 
selected by the intention selection unit on the basis of the 
score calculated by the score calculation unit. 

12 Claims, 17 Drawing Sheets 
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VOICE PROCESSING DEVICE AND 
METHOD, AND PROGRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a voice processing device 

and a voice processing method, and a program, and more 
particularly, to avoice processing device and a voice process 
ing method, and a program which are capable of reliably 
estimating correct intention from an input voice. 

2. Description of the Related Art 
In recent years, there has been developed a variety of prod 

ucts or services to which Voice recognition is applied. The 
Voice recognition refers to a technique for recognizing a word 
sequence corresponding to an input Voice, using appearance 
probability or the like of a feature amount indicating acoustic 
features. 

FIG. 1 is a block diagram illustrating a configuration 
example of a Voice recognition device in the related art using 
the Voice recognition. 
A voice recognition device 1 in FIG. 1 includes an input 

section 21, an AD converting section 22, a feature extraction 
section 23, a matching section 24, an acoustic model database 
25, a dictionary database 26 and a grammar database 27. 
A Voice based on an utterance of a user is input to the input 

section 21 which includes a microphone or the like. The input 
section 21 converts the input voice into a Voice signal which 
is an analog electric signal for output. 
The AD converting section 22 converts the analog input 

voice signal which is output from the input section 21 into a 
digital input voice signal for output, through sampling and 
quantization. 
The feature extraction section 23 frequency-analyzes the 

input voice signal which is output from the AD converting 
section 22 at an appropriate time interval, to thereby extract 
parameters indicating a spectrum or other acoustic features of 
the Voice. The parameters extracted in this way correspond to 
a feature amount of the input Voice signal. A time sequence of 
the feature amount of the input voice signal (hereinafter, 
referred to as a feature amount sequence) is output from the 
feature extraction section 23. 
The feature extraction section 23 extracts the feature 

amount sequence of the input voice signal in this way, and 
determines a voice Zone of the input voice signal. The Voice 
Zone represents a Zone ranging from a starting time of the 
utterance to an ending time thereof. 

The matching section 24 determines a word sequence 
which is the most compatible with the feature amount 
sequence extracted by the feature extraction section 23, and 
outputs the determined word sequence as a voice recognition 
result. Hereinafter, the process thus performed by the match 
ing section 24 is referred as a matching process. The matching 
section 24 performs the matching process with respect to the 
voice Zone which is determined by the feature extraction 
section 23 and thereby sequentially output the Voice recogni 
tion results for all the voice Zones. 

In this respect, when performing the matching process, the 
matching section 24 uses the acoustic model database 25, the 
dictionary database 26 and the grammar database 27. 
The acoustic model database 25 records thereinan acoustic 

model indicating an acoustic feature for each predetermined 
unit Such as an individual phoneme or a syllable in a language 
of the Voice which is a recognition target. As the acoustic 
model, for example, an HMM (Hidden Markov Model) can 
be employed. 
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2 
The dictionary database 26 records therein a dictionary 

which describes information (hereinafter, referred to as pro 
nunciation information) about pronunciation of each word of 
the Voice which is the recognition target. Thus, each word and 
the acoustic model are related to each other. As a result, an 
acoustic standard pattern is obtained corresponding to each 
word which is recorded in the dictionary database 26. 
The grammar database 27 records therein a grammar rule 

which describes how respective words recorded in the dictio 
nary database 26 can be concatenated. As the grammar rule, 
for example, a regular grammar, a context-free grammar, or 
an N-gram grammar including a statistical word concatena 
tion probability can be employed. 

For example, in a case where the HMM is employed as the 
acoustic model in the acoustic model database 25, the match 
ing section 24 accumulates the appearance probability of the 
feature amount according to the feature amount sequence 
which is extracted by the feature extraction section 23. That 
is, since the appearance probability of the feature amount of 
each word is accumulated using the above described Standard 
pattern, an acoustic evaluation value (hereinafter, referred to 
as an acoustic score) is calculated for each word. 

Further, for example, in a case where a bigram is employed 
as the grammar rule in the grammar database 27, the matching 
section 24 calculates linguistic possibility for each word on 
the basis of the concatenation probability with respect to the 
preceding word. This linguistic possibility of each word is 
digitized as a linguistic evaluation value (hereinafter, referred 
to as a language score). 
The matching section 24 determines a word sequence 

which is the most compatible with the input voice supplied to 
the input section 21, on the basis of a final evaluation value 
(hereinafter, referred to as a total score) which is obtained by 
totally evaluating the acoustic score and the language score 
with respect to each word. The determined word sequence is 
output as a voice recognition result. 

For example, in a case where a user makes an utterance 
“KYO-WA-II-TENKI-DESUNE (It is nice weather today), 
a word sequence of “KYO”, “WA”, “II”, “TENKI and 
“DESUNE” is output as the voice recognition result. When 
Such a word sequence is determined, as described above, the 
acoustic score and the language score are given to each word. 

In a case where such a voice recognition device is applied 
to a robot, an operation of the robot should be related to the 
word sequence which is recognized according to the Voice 
recognition. As techniques for realizing this relation, there are 
the following first and second techniques. 
The first technique is a technique in which a word sequence 

is recognized according to the Voice recognition and a corre 
sponding operation is directly related to the recognized word 
sequence. For example, in a case where a user makes an 
utterance “TATTE (Standup), the robot can be controlled so 
as to perform an operation corresponding to the word 
sequence “TATTE' which is recognized according to the 
Voice recognition, that is, controlled to stand up. 
The second technique is a technique in which a user's 

intention implied in the utterance is extracted from the word 
sequence which is recognized according to the Voice recog 
nition, and a corresponding operation is related to this inten 
tion. According to the second technique, for example, with 
respect to utterances such as “TATTE (Up), “OKITE (Get 
up), “TACHIAGATTE (Stand up)” which are uttered to the 
robot by a user, the respective utterances are recognized 
according to the Voice recognition. Since intention (for 
example, “TATTE-KUDASAI (Please stand up)” in this 
case), implied in the respective utterances recognized in this 
way is estimated, the robot can be controlled so as to perform 
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an operation (for example, a stand up operation in this case) 
corresponding to the intention. 

In general, while one operation corresponds to one inten 
tion, a plurality of utterances exists corresponding to one 
intention. Thus, according to the first technique, since one 
operation should correspond to one word sequence, the same 
operation should correspond to a plurality of word sequences 
which corresponds to one intention, respectively. On the other 
hand, according to the second technique, one operation has to 
correspond to one intention which corresponds to the plural 
ity of word sequences. Accordingly, as the technique for 
relating the operation to the word sequence which is recog 
nized according to the Voice recognition, the second tech 
nique is more appropriate than the first technique. 

In order to realize such a second technique, a device is 
employed which is configured to estimate the users intention 
implied in the utterance from the word sequence recognized 
according to the Voice recognition. Hereinafter, Such a device 
is referred to as a voice understanding device. 

In order to estimate the user's intention implied in an 
utterance, a Voice understanding device in the related art 
determines a word sequence which is compatible with an 
input voice signal based on the utterance, on the basis of a 
word dictionary corresponding to intention information indi 
cating one intention and a grammar rule. Such a word 
sequence is determined with respect to each of the plural 
pieces of intention information. Then, this voice understand 
ing device calculates the similarity between the determined 
word sequence and an input Voice signal with respect to each 
of the plural pieces of intention information. Specifically, an 
acoustic score indicating an acoustic similarity and a lan 
guage score indicating a language similarity are calculated as 
values indicating the similarity, with respect to each of the 
plural pieces of intention information. Then, the Voice under 
standing device of the related art estimates intention which 
corresponds to the input voice signal among the plural pieces 
of intention information using the two scores (for example, 
refer to Japanese Unexamined Patent Application Publication 
No. 2006-53203). 

SUMMARY OF THE INVENTION 

However, the voice understanding device in the related art 
using the Voice recognition may mistakenly estimate inten 
tion. Thus, if the robot performs an operation corresponding 
to such intention information, the operation is recognized as 
an unintended mistaken operation to a user. 

Accordingly, it is desirable to provide a technique which is 
capable of reliably estimating correct intention from an input 
Voice. 

According to an embodiment of the prevent invention, 
there is provided a Voice processing device including: score 
calculation means for calculating a score indicating compat 
ibility of a Voice signal input on the basis of an utterance of a 
user with each of plural pieces of intention information indi 
cating each of a plurality of intentions; intention selection 
means for selecting the intention information indicating the 
intention of the utterance of the user among the plural pieces 
of intention information on the basis of the score calculated 
by the score calculation means; and intention reliability cal 
culation means for calculating the reliability of the intention 
information selected by the intention selection means on the 
basis of the score calculated by the score calculation means. 

The score calculation means may include acoustic score 
calculation means for calculating an acoustic score as the 
score indicating an acoustic compatibility of the Voice signal 
with intention information, for each of the plural pieces of 
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4 
intention information; language score calculation means for 
calculating a language score as the score indicating a lan 
guage compatibility of the Voice signal with intention infor 
mation for each of the plural pieces of intention information; 
and pre-score calculation means for calculating a pre-score as 
the score determined in advance on the basis of occurrence 
probability for each of the plural pieces of intention informa 
tion. 
The pre-score calculation means may adjust the pre-score 

for each of the plural pieces of intention information in 
response to a context at the time when the Voice signal is 
input. 
The score calculation means may calculate the score of a 

Voice Zone in the Voice signal. 
The score calculation means may further calculate the 

score of the intention information which does not indicate a 
specific intention among the plural pieces of intention infor 
mation, and the intention selection means may determine, in 
a case where the intention information which does not indi 
cate the specific intention is selected, that the utterance of the 
user corresponding to the Voice signal is a meaningless utter 
ance which does not indicate a specific intention. 
The score calculation means may give a weight to each of 

the acoustic score, the language score and the pre-score; and 
the intention reliability calculation means may adjust each 
weight and calculate the reliability on the basis of the scores 
each given the adjusted weight. 
The Voice processing device may further include manage 

ment means for managing an output based on the intention 
information selected by the intention selection means. 

According to other embodiments of the present invention, 
there are provided a voice processing method and a program 
which correspond to the above described Voice processing 
device according to the embodiment of the present invention. 
The Voice processing method and the program according to 

the other embodiments of the present invention include the 
steps of calculating a score indicating compatibility of a 
Voice signal input on the basis of an utterance of a user with 
each of plural pieces of intention information indicating each 
of a plurality of intentions; selecting the intention information 
indicating the intention of the utterance of the user among the 
plural pieces of intention information on the basis of the 
calculated score; and calculating the reliability of the selected 
intention information on the basis of the calculated score. 
As described above, according to the embodiments of the 

invention, it is possible to reliably estimate correct intention 
from the input voice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a configuration 
example of a Voice recognition device in the related art; 

FIG. 2 is a block diagram illustrating a configuration 
example of a Voice understanding device according to an 
embodiment of the present invention; 

FIG. 3 is a flowchart illustrating an example of a voice 
understanding process; 

FIG. 4 is a flowchart illustrating an example of a multi 
matching process; 

FIG. 5 is a diagram illustrating an example of intention 
information; 

FIG. 6 is a diagram illustrating an example of a dictionary 
recorded in a dictionary database; 

FIG. 7 is a diagram illustrating an example of a trigram 
table; 

FIG. 8 is a diagram illustrating an example of a bigram 
table; 
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FIG. 9 is a diagram illustrating an example of a unigram 
table; 

FIG. 10 is a diagram illustrating an example of intention 
information; 

FIG. 11 is a diagram illustrating an example of a dictionary 
recorded in a dictionary database; 

FIG. 12 is a diagram illustrating a performance result of a 
multi-matching process; 

FIG. 13 is a diagram illustrating a performance result of a 
multi-matching process; 

FIG. 14 is a state transition diagram illustrating an example 
of a state transition of a context; 

FIG. 15 is a diagram illustrating a silent Zone included in an 
input voice signal; 

FIG. 16 is a diagram illustrating a starting time and an 
ending time with respect to each word; 

FIG. 17 is a flowchart illustrating an example of a mean 
ingless utterance determination process; 

FIG. 18 is a diagram illustrating an experimental result; 
FIG. 19 is a block diagram illustrating a configuration of an 

information presentation device according to an embodiment 
of the present invention; 

FIG. 20 is a flowchart illustrating an example of an infor 
mation presentation process; and 

FIG. 21 is a block diagram illustrating a configuration 
example of hardware of a Voice processing device according 
to an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Five embodiments (hereinafter, referred to as first to fifth 
embodiments) of a Voice understanding device according to 
the present invention will be described hereinafter. Descrip 
tion thereof will be made in the following order. 

1. First embodiment 
2. Second embodiment (an example in which a context is 

used for adjustment of a pre-score) 
3. Third embodiment (an application example of a silent 

Zone removal) 
4. Fourth embodiment (an application example of a mean 

ingless utterance determination) 
5. Fifth embodiment (an application example of a voice 

understanding result) 

1. First Embodiment 

Configuration Example of a Voice Understanding 
Device According to the Present Invention 

FIG. 2 is a block diagram illustrating a configuration 
example according to an embodiment of a Voice understand 
ing device as a voice processing device according to the 
present invention. 
A voice understanding device 41 in FIG. 2 includes an 

input section 61, an AD converting section 62, a feature 
extraction section 63, a multi-matching section 64, an acous 
tic model database 65, intention models 66-1 to 66-N, an 
intention determination section 67, an intention reliability 
calculation section 68 and an output section 69. 
A Voice based on an utterance of a user is input to the input 

section 61 which includes a microphone or the like. The input 
section 61 converts the input voice into a Voice signal which 
is an analog electric signal for output. Hereinafter, the Voice 
signal output from the input section 61 is referred to as an 
input voice signal. 
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6 
The AD converting section 62 converts the analog input 

Voice signal which is output from the input section 61 into a 
digital input voice signal for output, through sampling and 
quantization. 
The feature extraction section 63 frequency-analyzes the 

input voice signal which is output from the AD converting 
section 62 at an appropriate time interval, to thereby extract 
parameters indicating a spectrum or other acoustic features of 
the Voice. The parameters extracted in this way correspond to 
a feature amount of the input Voice signal. A time sequence of 
the feature amount of the input voice signal (hereinafter, 
referred to as a feature amount sequence) is output from the 
feature extraction section 63. 
The feature extraction section 63 extracts the feature 

amount sequence of the input voice signal in this way, and 
determines a voice Zone of the input voice signal. The Voice 
Zone represents a Zone ranging from a starting time of the 
utterance to an ending time thereof. For example, the feature 
extraction section 63 extracts only the Zone of the utterance 
on the basis of power or the like of the input voice signal, to 
thereby detect the voice Zone. 
The acoustic model database 65 records therein an acoustic 

model indicating an acoustic feature for each predetermined 
unit Such as an individual phoneme or a syllable in a language 
of the Voice which is a recognition target. As the acoustic 
model, for example, an HMM (Hidden Markov Model) can 
be employed. 
The intention model 66-k(k is an arbitrary integer value of 

1 to N) includes an intention information storage section 91-k, 
a dictionary database 92-k, a grammar database 93-k, and a 
pre-score storage section 94-k. 

Information indicating intention corresponding to the 
intention model 66-k (hereinafter, referred to as intention 
information) is stored in the intention information storage 
section 91-k. 
A dictionary in which information about pronunciation for 

each word of the voice which is the recognition target (here 
inafter, referred to as utterance information) is described, 
which is provided with words defined according to the inten 
tion information stored in the intention information storage 
section 91-k, is recorded in the dictionary database 92-k. 
Accordingly, each word is related to the acoustic model. As a 
result, an acoustic standard pattern corresponding to each 
word recorded in the dictionary database 92-k is obtained. 
A predetermined grammar rule such as a bigram grammar 

or a trigram grammar which gives concatenation probability 
of respective words which are recorded in the dictionary 
database 92-k is recorded in the grammar database 93-k. In 
particular, the grammar rule recorded in the grammar data 
base 93-kis configured so that a score value is given to a word 
sequence indicating the intention information which is stored 
in the intention information storage section 91-k. 
The score value which is given in advance with respect to 

the intention model 66-k (hereinafter, referred to as the pre 
score value) is stored in the pre-score storage section 94-k. 
The multi-matching section 64 for calculating a score indi 

cating compatibility with respect to the intention information 
of the input voice signal includes an acoustic score calcula 
tion section 81, a language score calculation section 82 and a 
pre-score calculation section 83. 
The multi-matching section 64 uses one intention model 

66-k together with the acoustic model database 65, and deter 
mines a word sequence which is the most compatible with the 
feature amount sequence (input voice signal) which is 
extracted by the feature extraction section 63. That is, among 
word sequences which can be formed using words defined 
with respect to the intention (intention indicated by the inten 
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tion information) corresponding to one intention model 66-k, 
a word sequence which is the most compatible with the input 
Voice signal is determined. In the multi-matching section 64. 
the word sequence which is the most compatible with the 
input voice signal for each of the plurality of intention models 
66-1 to 66-N is determined. 

Further, in the multi-matching section 64, with respect to 
the word sequence (word sequence which is formed using 
words defined with respect to the corresponding intention) 
which is determined the most compatible with the input voice 
signal for each of the plurality of intention models 66-1 to 
66-N, an acoustic score and a language score are calculated. 
The acoustic score is calculated by the acoustic score calcu 
lation section 81, and the language score is calculated by the 
language score calculation section 82. 

Specifically, the acoustic score calculation section 81 cal 
culates probability (appearance probability) that the feature 
amount sequence is observed from a word model included in 
the word sequence which is determined by the multi-match 
ing section 64 with respect to one intention model 66-k, and 
calculates the acoustic score for each word on the basis of the 
appearance probability. 
The language score calculation section 82 calculates con 

catenation (adjacency) probability of the words included in 
the word sequence which is determined by the multi-match 
ing section 64 with respect to one intention model 66-k, and 
calculates the language score for each word on the basis of the 
probability. 

Respective processes of the acoustic score calculation sec 
tion 81 and the language score calculation section 82 are 
performed for each of the plurality of intention models 66-1 to 
66-N. As a result, in the multi-matching section 64, with 
respect to the word sequence which is determined for each of 
the plurality of intention models 66-1 to 66-N, the acoustic 
score and the language score are calculated for each word. 

Further, the pre-score calculation section 83 calculates the 
pre-score with respect to each of the plurality of intention 
models 66-1 to 66-N. 
The pre-score is a value which is determined in advance on 

the basis of occurrence probability of one piece of intention 
information, as described above, and is stored in the pre-score 
storage section 94-k of the intention model 66-k correspond 
ing to one piece of intention information. That is, the pre 
score calculation section 83 calculates the pre-score with 
respect to the intention information corresponding to the 
intention model 66-k, on the basis of a context from the 
pre-score which is stored in the pre-score storage section 94-k 
of the intention model 66-k corresponding to one piece of 
intention information. In a case where all the intentions occur 
with the same probability, the same score values are calcu 
lated as the pre-scores. 

Hereinafter, the series of processes according to the multi 
matching section 64 as described above is referred to as a 
multi-matching process. 

That is, as a result of the multi-matching process, the 
acoustic score, the language score, and the pre-score are 
calculated for each of the plurality of intention models 66-1 to 
66-N, and are provided to the intention determination section 
67 and the intention reliability calculation section 68. 
The intention determination section 67 calculates a total 

score which is obtained by totally evaluating the acoustic 
score, the language score and the pre-score which are pro 
vided from the multi-matching section 64, with respect to one 
intention model 66-K. Suchatotal score is calculated for each 
of the plurality of intention models 66-1 to 66-N. Thus, the 
intention determination section 67 selects intention informa 
tion corresponding to the intention model 66-t (tis any integer 
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8 
of 1 to N) having the highest total score among the total 
scores, as intention information corresponding to the utter 
ance of a user. In this way, the total score is used forestimating 
the intention corresponding to the utterance of the user. 
The intention reliability calculation section 68 calculates 

the reliability on the basis of the acoustic score, the language 
score and the pre-score which are provided from the multi 
matching section 64, with respect to the intention model 66-t 
which is selected by the intention determination section 67. 
The output section 69 outputs the information which is 

given the reliability calculated by the intention reliability 
calculation section 68 with respect to the intention model 66-t 
corresponding to the intention information, with respect to 
the intention information selected by the intention determi 
nation section 67, as the Voice understanding result. 

Voice Understanding Process 
FIG. 3 is a flowchart illustrating an example of a voice 

understanding process according to the Voice understanding 
device 41. 

In step S1, the input section 61 converts an input voice into 
a voice signal. That is, the Voice uttered by a user is input and 
is output as an analog input Voice signal. 

In step S2, the AD converting section 62 performs an AD 
converting process with respect to the Voice signal. That is, 
the analog input voice signal is AD-converted, and a digital 
input voice signal obtained as the result is output. 

In step S3, the feature extraction section 63 extracts a 
feature amount sequence from the input voice signal and 
determines a voice Zone. 

In step S4, the multi-matching section 64 which is the score 
calculation means performs a multi-matching process with 
respect to the extracted feature amount sequence. 

Here, a detailed example of the multi-matching process 
will be described. 

FIG. 4 is a flowchart illustrating an example of the multi 
matching process. 

In step S31, the multi-matching section 64 determines one 
intention model 66-k as a process target, among the plurality 
of intention models 66-1 to 66-N. 

In step S32, the multi-matching section 64 determines a 
word sequence which is the most compatible with the feature 
amount sequence (input Voice signal) which is extracted by 
the feature extraction section 63. 

In this case, the dictionary database 92-k and the grammar 
database 93-k, which are included in the intention model 
66-k, are used together with the acoustic model database 65. 
Hereinafter, the dictionary database 92-k and the grammar 
database 93-k will be described. 
A dictionary which is generated on the basis of example 

sentences corresponding to the intention information stored 
in the intention information storage section 91-k and which 
describes pronunciation information about each word is 
recorded in the dictionary database 92-k. A grammar rule 
which is generated on the basis of the example sentences 
corresponding to the intention information stored in the inten 
tion information storage section 91-k and which describes the 
pronunciation information about each word, is recorded in the 
grammar database 93-k. 

In this respect, specifically, with reference to FIGS. 5 to 9, 
an example of intention information which is applied to the 
intention model 66-1 (K=1), and respective examples of a 
dictionary and a grammar rule which are generated on the 
basis of example sentences corresponding to the intention 
information will be described. Next, with reference to FIGS. 
10 and 11, an example of intention information which is 
applied to the intention model 66-2 (K-2), and an example of 
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a dictionary which is generated on the basis of example sen 
tences corresponding to the intention information will be 
described. 

FIG. 5 is a diagram illustrating an example of intention 
information which is applied to the intention model 66-1 and 
example sentences corresponding to the example. 

For example, intention information indicating intention of 
an utterance ASHITA-NO-TENKI-WO-OSHIETE-KUDA 
SAI (Let me know the weather tomorrow)”, as shown in FIG. 
5, is stored in an intention information storage section 91-1 of 
the intention model 66-1. In this case, a dictionary recorded in 
a dictionary database 92-1 and a grammar rule recorded in a 
grammar database 93-1 are generated on the basis of the four 
example sentences shown in FIG.5. That is, on the basis of the 
example sentences corresponding to the intention informa 
tion, that is, “ASHITA NOTENKI WO OSHIETE KUDA 
SAI (Let me know the weather tomorrow)”, “ASHITA NO 
TENKIWA (How’s the weather tomorrow'?)”, “ASHITA NO 
TENKI WO OSHIETE KURERU (Tell me the weather 
tomorrow'?) and “E-TO ASHITA NOTENKI GA KIKITAI 
(Well, I want to know the weather tomorrow), the dictionary 
and the grammar rule are generated. Further, each example 
sentence has the words which are separated from each other 
by space. 
A dictionary as shown in FIG. 6 is generated on the basis of 

each example sentence in FIG. 5, and is recorded in the 
dictionary database 92-1. 

FIG. 6 is a diagram illustrating an example of the dictio 
nary recorded in the dictionary database 92-1. 
The dictionary as shown in FIG. 6 includes items of “word” 

and “pronunciation'. 
In the “word' item, all the words included in the four 

example sentences as shown in FIG.5 are described in respec 
tive rows thereof. In the “pronunciation' item, pronunciation 
information corresponding to the word described in the 
“word' item of the same row is recorded. 
The pronunciation information described in the “pronun 

ciation' item corresponds to information for relating each 
word recorded in the dictionary database 92-1 to the acoustic 
model database 65. For example, in a case where the HMM is 
employed as the acoustic model in the unit of a syllable, by 
relating the acoustic model database 65 to each word on the 
basis of the corresponding pronunciation information, an 
acoustic standard pattern corresponding to each word is 
obtained. This can be equivalently applied to dictionaries 
which are capable of being recorded in all dictionary data 
bases 92-2 to 92-N, in addition to the dictionary database 
92-1. 

Hereinafter, in order to differentiate words and pronuncia 
tion information, in a case where “AAA” indicates the word, 
it is described as a word 'AAA', and in a case where 'AAA' 
indicates the pronunciation information, it is described as 
pronunciation information 'aaa'. 

Specifically, for example, in the first row, the word “E-TO 
(well) is described in the “word' item, and the pronunciation 
information “e-to” corresponding to the word “E-TO” is 
described in the “pronunciation' item. For example, in the 
sixth row, the word ASHITA (tomorrow)” is described in the 
“word item, and the pronunciation information “ashita' cor 
responding to the word ASHITA (tomorrow)” is described in 
the “pronunciation' item. Similarly, in the case of the other 
rows, the predetermined words are described in the “word 
item, and pronunciation information corresponding to the 
predetermined words is described in the “pronunciation 
item. 

Further, for example, a model (N-gram grammar) of the 
occurrence probability or the concatenation probability of the 
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10 
respective words (the respective words included in the dictio 
nary in FIG. 6) included in the respective example sentences 
in FIG. 5 is generated as the grammar rule, and then is 
recorded in a grammar database 93-1. 
The concatenation probability of three words is referred to 

as a trigram probability, the concatenation probability of two 
words is referred to as a bigram probability, and the occur 
rence probability of each word is referred to as a unigram 
probability. Further, a table indicating a model of the trigram 
probability is referred to as a trigram table, a table indicating 
a model of the bigram probability is referred to as a bigram 
table, and a table indicating a model of the unigram probabil 
ity is referred to as a unigram table. 

Specifically, for example, as the grammar rule, the trigram 
table, the bigram table and the unigram table as shown in 
FIGS. 7 to 9 are recorded in the grammar database 93-1. 

FIG. 7 is a diagram illustrating an example of the trigram 
table recorded in the grammar database 93-1. 
The trigram table as shown in FIG. 7 includes items of 

“concatenated words' and “trigram probability”. 
Predetermined three concatenated words are described in 

respective rows in a concatenation order in the “concatenated 
words' item, among all the words included in the four 
example sentences as shown in FIG. 5. The probability that 
three words described in the “concatenated words' item in the 
same row are arranged in the order, that is, the trigram prob 
ability is described in the “trigram probability' item. 

Specifically, for example, in the first row, the word “E-TO 
(well), the word “ASHITA (tomorrow)”, and the word “NO” 
are described in the “concatenated words' item. In the “tri 
gram probability' item, “0.003 is described. Accordingly, 
from the description of the first row, it could be seen that the 
trigram probability that the word “E-TO”, the word 
“ASHITA” and the word “NO” are concatenated in the order, 
that is, the probability that the three words are concatenated to 
form a segment “E-TO ASHITA NO” becomes “0.003”. 

For example, in the second row, the word “NO”, the word 
“TENKI (weather) and the word “WO” are described in the 
“concatenated words' item. In the “trigram probability' item, 
“0.01 is described. Accordingly, from the description of the 
second row, it could be seen that the trigram probability that 
the word “NO, the word “TENKI, and the word “WO” are 
concatenated in the order, that is, the probability that the three 
words are concatenated to form a segment “NOTENKI WO” 
becomes “O.01. 

Similarly, in the case of the other rows, the predetermined 
three words are described in the “concatenated words' item, 
and the trigram probability that the predetermined three 
words are concatenated is described in the “trigram probabil 
ity' item. 
The trigram probability with respect to three words which 

are not shown in FIG. 7 can be calculated by multiplying a 
bigram back-off coefficient of initial two words by bigram 
probability of the last two words among the three words, with 
reference to the bigram table in FIG. 8 which will be 
described later. 

FIG. 8 is a diagram illustrating an example of the bigram 
table recorded in the grammar database 93-1. 
The bigram table as shown in FIG. 8 includes items of 

“concatenated words”, “bigram probability” and “bigram 
back-off coefficient'. 
Among all the words included in the four example sen 

tences as shown in FIG. 5, the predetermined two concat 
enated words are described in respective rows in a concat 
enated order in the “concatenated words' item. The 
probability that two words described in the “concatenated 
words' item in the same row are arranged in the order, that is, 
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the bigram probability is described in the “bigram probabil 
ity' item. The bigram back-off coefficient with respect to the 
two words which are described in the “concatenated words' 
item in the same row is described in the “bigram back-off 
coefficient' item. The bigram back-off coefficient refers to a 
coefficient which is used for a case where the trigram prob 
ability is calculated on the basis of the bigram probability, so 
as to prevent the total of the probabilities from exceeding 1. 

Specifically, for example, in the first row, the word “E-TO 
(well), the word “ASHITA (tomorrow)” are described in the 
“concatenated words' item. In the “bigram probability' item, 
“0.02 is described. In the “bigram back-off coefficient' item, 
“0.01 is described. Accordingly, from the description of the 
first row, it could be seen that the bigram probability that the 
word “E-TO (well)” and the word “ASHITA (tomorrow)” are 
concatenated in the order, that is, the probability that the two 
words are concatenated to form a segment “E-TO ASHITA 
(well tomorrow)” becomes “0.02. 

For example, in the second row, the word “NO” and the 
word “TENKI (weather) are described in the “concatenated 
words' item. In the “bigram probability' item, “0.1” is 
described. In the “bigram back-off coefficient' item, "0.02 is 
described. Accordingly, from the description of the second 
row, it could be seen that the bigram probability that the word 
“NO” and the word “TENKI are concatenated in the order, 
that is, the probability that the two words are concatenated to 
form a segment “NOTENKI becomes “0.1”. 
The bigram probability with respect to two words which 

are not shown in FIG. 8 can be calculated by multiplying a 
unigram back-off coefficient of the former word among the 
two words by unigram probability of the latter word thereof, 
with reference to a unigram table in FIG. 9 which will be 
described later. 

FIG. 9 is a diagram illustrating an example of the unigram 
table recorded in the grammar database 93-1. 

The unigram table as shown in FIG. 9 includes items of 
“word”, “unigram probability” and “unigram back-off coef 
ficient. 

All the words included in the four example sentences as 
shown in FIG. 5 are described in the “word item, respec 
tively. The probability that a word described in the “word 
item in the same row is arranged in a segment, that is, the 
unigram probability is described in the “unigram probability” 
item. The unigram back-off coefficient with respect to the 
word which is written in the “word' item in the same row is 
described in the “unigram back-off coefficient' item. The 
unigram back-off coefficient refers to a coefficient which is 
used for a case where the bigram probability is calculated on 
the basis of the unigram probability, so as to prevent the total 
of the probabilities from exceeding 1. 

Specifically, for example, in the first row, the word “E-TO 
(well) is described in the “word' item. In the “unigram 
probability' item, "0.04” is described. In the “unigram back 
off coefficient' item, “0.02 is described. Accordingly, from 
the description of the first row, it could be seen that the 
unigram probability that the word “E-TO” is arranged in the 
segment becomes "0.04. 
As a process with respect to a word having a low appear 

ance frequency, a technique for correcting each of the prob 
ability values, for example, by means of Smoothing, and 
specifically, for example, a linear interpolation technique, a 
technique which is referred to as back-off Smoothing, may be 
employed. 

Further, with respect to a calculation technique and the 
Smoothing technique of the unigram probability, the bigram 
probability, and the trigram probability, for example, details 
thereof are disclosed in Approach on the basis of voice 
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12 
language process-corpus', written by Kenji Kita, Tetsu Naka 
mura, Morikita Publishing Co., Ltd. 
As described above with reference to FIGS. 5 to 9, in this 

specific example, with respect to the intention model 66-1, the 
intention in FIG. 5 is stored in the intention information 
storage section 91-1. Further, the dictionary and the grammar 
rule are generated on the basis of the respective example 
sentences in FIG. 5. The dictionary is recorded in the dictio 
nary database 92-1, and the grammar rule is recorded in the 
grammar database 93-1. 

FIG. 10 is a diagram illustrating an example of the inten 
tion information which is applied to the intention model 66-2, 
and example sentences corresponding to the intention infor 
mation. 

For example, it is assumed that intention information indi 
cating intention of an utterance “IMA-NO-JIKAN-WO 
OSHIETE-KUDASAI (Canyou tell me the time, please?) as 
shown in FIG.10 is stored in the intention information storage 
section 91-2 of the intention model 66-2. In this case, a 
dictionary recorded in the dictionary database 92-2 and a 
grammar rule recorded in the grammar database 93-2 are 
generated on the basis of five example sentences as shown in 
FIG. 10. That is, the dictionary and the grammar rule are 
generated on the basis of the example sentences “IMANANJI 
DESUKA (Canyou tell me the time?)", “IMANANJI (What 
time is it?)”, “IMA NANJI KANA (Do you know what time 
it is?), “IMA NOJIKANGA KIKITAI (I want to know the 
time) and “JIKAN WOOSHIETE (Tell me the time)” corre 
sponding to the intention information. Further, each example 
sentence has the words which are separated from each other 
by space. 

Specifically, for example, a dictionary as shown in FIG. 11 
is generated on the basis of the respective example sentences 
as shown in FIG. 10, and is recorded in the dictionary data 
base 92-2. 

FIG. 11 is a diagram illustrating an example of the dictio 
nary recorded in the dictionary database 92-2. 
The dictionary as shown in FIG. 11 includes items of 

“word and “pronunciation', in a similar way to the dictio 
nary in FIG. 6. 

In the “word' item, all the words which are included in the 
five example sentences as shown in FIG. 10 are described in 
respective rows. In the “pronunciation' item, pronunciation 
information corresponding to the words described in the 
“word' item of the same row is described. 

Specifically, for example, in the first row, the word “IMA’ 
is described in the “word' item, and the pronunciation infor 
mation “ima” corresponding to the word “IMA' is described 
in the “pronunciation' item. For example, in the second row, 
the word “DESU is described in the “word' item, and the 
pronunciation information "desu' corresponding to the word 
“DESU is described in the “pronunciation' item. Similarly, 
in the case of the other rows, the predetermined words are 
described in the “word' item, and pronunciation information 
corresponding to the predetermined words is described in the 
“pronunciation' item. 

Further, for example, a model (N-gram grammar) of the 
occurrence probability or the concatenation probability of the 
respective words (the respective words included in the dictio 
nary in FIG. 11) included in the respective example sentences 
in FIG. 10 is generated as a grammar rule, and then the 
generated grammar rule is recorded in a grammar database 
93-2. Specifically, for example, although not shown, a trigram 
table, a bigram table, and a unigram table having the same 
configurations as those shown in FIGS. 7 to 9 are recorded in 
the grammar database 93-2, as the grammar rule. 



US 8,612,223 B2 
13 

In this way, in this specific example, the dictionary in FIG. 
6 and the grammar rule (trigram grammar or the like) in FIGS. 
7 to 9 are provided corresponding to the intention information 
“ASHITA-NO-TENKI-WO-OSHIETE-KUDASAI (Let me 
know the weather tomorrow)” as shown in FIG.5. Further, the 
dictionary in FIG. 6 is recorded in the dictionary database 
92-1, and the grammar rule (trigram grammar or the like) in 
FIGS. 7 to 9 is recorded in the grammar database 93-1. With 
respect to the dictionary database 92-1 and the grammar 
database 93-1, a model obtained by combining the intention 
information storage section 91-1 in which the intention infor 
mation in FIG. 5 is stored, and a pre-score storage section 
94-1 in which a pre-score is stored corresponds to the inten 
tion model 66-1. 

Similarly, in this specific example, a dictionary in FIG. 11 
and a grammar rule (trigram grammar or the like) which is not 
shown are provided with respect to the intention information 
“IMA-NO-JIKAN-WO-OSHIETE-KUDASAI (Can you tell 
me the time, please'?) as shown in FIG. 10. Further, the 
dictionary in FIG. 11 is recorded in the dictionary database 
92-2, and the grammar rule (trigram grammar or the like) 
which is not shown is recorded in the grammar database 93-2. 
With respect to the dictionary database 92-2 and the grammar 
database 93-2, a model obtained by combining the intention 
information storage section 91-2 in which the intention infor 
mation in FIG. 10 is stored with a pre-score storage section 
94-2 in which a pre-score is stored is the intention model 
66-2. 

Similarly, in the other cases, for example, the intention 
models 66-3 to 66-N each are provided corresponding to a 
variety of intention information such as "KONNICHIWA 
(Good afternoon)”, “RAJIO-WO-TUKETE (Turn on the 
radio) or “MO-SUKOSHI-MAE-NI-KITE (Come near a 
little more)”, one to one. 

Accordingly, in a case where the intention model 66-1 is 
determined as the process target in the process in step S31 as 
shown in FIG. 4, the following process is performed in the 
process of step S32. That is, by means of the acoustic model 
database 65, the dictionary database 92-1 in which the dic 
tionary as shown in FIG. 6 is recorded, and the grammar 
database 93-1 in which the grammar rules as shown in FIGS. 
7 to 9 are recorded, a word sequence corresponding to the 
intention information ASHITA-NO-TENKI-WO-OSHI 
ETE-KUDASAI (Let me know the weather tomorrow)” is 
determined. Specifically, for example, in a case where an 
utterance of a user is “ASHITA-NO-TENKI-WO-OSHIETE 
(tell me the weather tomorrow)”, a word sequence "ASHITA 
NOTENKI OSHIETE is determined with respect to the 
intention model 66-1. 
On the other hand, in a case where the intention model 66-2 

is determined as the process target in the process in step S31, 
the following process is performed in the process in step S32. 
That is, by means of the acoustic model database 65, the 
dictionary database 92-2 in which the dictionary as shown in 
FIG. 11 is recorded, and the grammar database93-2 in which 
the grammar rule which is not shown is recorded, a word 
sequence corresponding to the intention information “IMA 
NO-JIKAN-WO-OSHIETE-KUDASAI (Canyou tell me the 
time, please?) is determined. Specifically, for example, in a 
case where an utterance of a user is “IMA-NO-JIKAN-WO 
OSHIETE (Can you tell me the time?)", a word sequence 
“OSHIETE NO NANJI OSHIETE is determined with 
respect to the intention model 66-2. 

In this way, if the word sequence with respect the intention 
model 66-k of the process target is determined in the process 
in step S32 as shown in FIG.4, the procedure goes to step S33. 
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In step S33, an acoustic score calculation section 81 cal 

culates an acoustic score on the basis of the appearance prob 
ability of the feature amount sequence for each word included 
in the word sequence which is determined with respect to the 
intention model 66-k of the process target. 

In step S34, the language score calculation section 82 
calculates a language score on the basis of the concatenation 
probability for the respective words included in the word 
sequence which is determined with respect to the intention 
model 66-k of the process target. 

In the processes in steps S33 and S34, a weight coefficient 
is given with respect to each of the acoustic score and the 
language score, or a penalty score at the time when a specific 
word is inserted in the word sequence which is determined 
with respect to the intention model 66-k of the process target 
is given. The weight coefficient and the penalty score will be 
described later. 

Further, in the processes in steps S33 and S34, the calcu 
lation techniques of the acoustic score and the language score 
is not particularly limited, for example, as described above, 
the same technique as the technique which is widely used in 
the Voice recognition process in the related art can be 
employed. 

In step S35, the pre-score calculation section 83 calculates 
a pre-score with respect to the intention model 66-k of the 
process target on the basis of the pre-score stored in the 
pre-score storage section 94-k. 

In step S36, the multi-matching section 64 determines 
whether the scores of all the intention models 66-1 to 66-Nare 
calculated. 

Among the intention models 66-1 to 66-N, in a case where 
any model which is not determined as the process target is 
present, it is determined as “NO” in step S36, and then, the 
procedure returns to S31 to repeat the same processes. That is, 
in step S31, the intention model 66-k which is not yet deter 
mined as the process target is determined as a new process 
target. Then, in the processes in steps S32 to S35, a word 
sequence with respect to the new process target is determined, 
the acoustic score and the language score with respect to the 
word sequence are calculated, and the pre-score with respect 
to the new process target is also calculated. 

Thereafter, each of all the intention models 66-1 to 66-N is 
determined as the process target, and the loop processes of 
steps S31 to S36 are repeatedly performed. Thus, the word 
sequence corresponding to the corresponding intention infor 
mation is determined for each of the intention models 66-1 to 
66-N, the acoustic score and the language score with respect 
to the word sequence are calculated, and the pre-score is 
calculated. Accordingly, it is determined as “YES in step 
S36, the multi-matching process is completed. 
When such a multi-matching process is completed, the 

information which is output from the multi-matching section 
64 will be described. 

FIGS. 12 and 13 are diagrams illustrating an example of 
part of the information output from the multi-matching sec 
tion 64. 

FIG. 12 is a diagram illustrating a performance result of a 
multi-matching process with respect to the intention model 
66-1, among the information output from the multi-matching 
section 64. 
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In the above described specific example, in the case where 
the utterance of the user is ASHITA-NO-TENKI-WO 
OSHIETE (tell me the weather tomorrow)”, the intention 
model 66-1 in the process of step S31 in FIG. 4 which is the 
multi-matching process is determined as the process target, 
and the word sequence “ASHITA NOTENKIOSHIETE is 
determined with respect to the intention model 66-1 in the 
process of step S32. 

In this case, as shown in FIG. 12, acoustic scores P to P. 
in the process of step S33 are respectively calculated with 
respect to the respective words “ASHITA”, “NO”, “TENKI' 
and “OSHIETE which form the word sequence. Further, 
language scores Q to Q are respectively calculated in the 
process of step S34. In addition, in the process of step S35, a 
pre-score R is calculated with respect to the intention infor 
mation of the intention model 66-1. 

In this way, in a case where the multi-matching process is 
performed with respect to one intention model 66-1, as the 
performance result of the multi-matching process with 
respect to the intention model 66-1, the following information 
is output from the multi-matching process 64. That is, the 
three scores (acoustic score, language score, and pre-score) 
with respect to the respective words of the word sequence as 
shown in FIG. 12 correspond to the intention information as 
shown in FIG. 5 as the performance result information, and 
are output from the multi-matching section 64. 

FIG. 13 is a diagram illustrating a performance result of the 
multi-matching process with respect to the intention model 
66-2 among information output from the multi-matching sec 
tion 64. 

In the above described specific example, in a case where 
the utterance of the user is “IMA-NO-JIKAN-WO-OSHI 
ETE (Canyou tell me the time?)", the intention model 66-2 in 
the process in Step S31 of the multi-matching process is 
determined as the process target, and the word sequence 
“OSHIETE NO NANJI OSHIETE is determined with 
respect to the intention model 66-2 in the process of step S32. 

In this case, as shown in FIG. 13, with respect to the 
respective words “OSHIETE”, “NO”, “NANJI and “OSHI 
ETE' which form the word sequence, acoustic scores P to 
Pain the process in step S33 are respectively calculated, and 
language scores SQ to Q, are respectively calculated in the 
process of step S34. Further, a pre-score R is calculated with 
respect to the intention information of the intention model 
66-2, in the process in step S35. 

In this way, in a case where the multi-matching process is 
performed with respect to one intention model 66-2, as a 
performance result of the multi-matching process with 
respect to the intention model 66-2, the following information 
is output from the multi-matching process 64. That is, the 
three scores (acoustic score, language score, and pre-score) 
with respect to the respective words of the word sequence as 
shown in FIG. 13 correspond to the intention information as 
shown in FIG. 10, and are output from the multi-matching 
section 64. 

Although not shown, as a performance result of the multi 
matching process of each of the other intention models 66-3 
to 66-N, the same information is output from the multi 
matching section 64. That is, the three scores (acoustic score, 
language score, and pre-score) with respect to the respective 
words of the word sequence determined according to the 
corresponding intention information correspond to the corre 
sponding intention information as the performance result 
information, and are output from the multi-matching section 
64, respectively. 

Returning to the description in the flowchart in FIG.3, after 
the multi-matching process of step S4 and above, in step S5. 
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16 
the intention determination section 67 which is the intention 
selection means calculates the total score for each of the 
plurality of intention models 66-1 to 66-N. 

For example, the total score of the intention model 66-1 
will be calculated as follows. 

As shown in FIG. 12, the three scores (acoustic score, 
language score, and pre-score) with respect to the respective 
words of the word sequence determined according to the 
intention information of the intention model 66-1 are the 
acoustic scores P1 to Pa, the language scores Q1 to Qa. 
and the pre-score R, as shown in FIG. 12. 

In this case, the intention determination section 67 can 
calculate a total score T1 of the intention model 66-1, accord 
ing to the following Formula 1. 

T1-(PAP 42P43 P44)(94.19429439.44)'R4 (1) 

Further, for example, the total score of the intention model 
66-2 can be calculated as follows. 

The three scores (acoustic score, language score, and pre 
score) with respect to the respective words of the word 
sequence determined according to the intention information 
of the intention model 66-2 are the acoustic scores P, to Pa, 
the language scores Q, to Q, and the pre-score R, as 
shown in FIG. 13. 

In this case, the intention determination section 67 can 
calculate a total score T2 of the intention model 66-2, accord 
ing to the following Formula 2. 

In step S6, the intention determination section 67 selects 
intention information corresponding to the intention model 
66-t having a total score Tt which is the largest among the 
intention models 66-1 to 66-N. Further, at this time, the inten 
tion determination section 67 may select plural pieces of 
intention information corresponding to the plurality of upper 
intention models 66 which is larger than a threshold and in 
which the total scores are preset, among the intention models 
66-1 to 66-N. 

In step S7, the intention reliability calculation section 68 
calculates the reliability of the intention information selected 
by the intention determination section 67. In step S6, in the 
case where the plural pieces of intention information is 
selected by the intention determination section 67, the inten 
tion reliability calculation section 68 calculates the reliability 
of the selected plural pieces of intention information. 

In this way, since the reliability of the selected intention 
information is calculated, intention information having a low 
reliability can be rejected, and only intention information 
having a high reliability can be employed. Accordingly, cor 
rect intention can be reliably estimated. 

For example, only two intention models of the intention 
model 66-1 and the intention model 66-2 (N=2) are provided 
in the Voice understanding device 41. In this case, as 
described above, the output information of the multi-match 
ing section 64 includes a set of the information in FIG. 12 and 
the intention information in FIG. 5, and a set of information in 
FIG. 13 and the intention information in FIG. 10. 

In Such a case, the intention reliability calculation section 
68 calculates reliability R1 of the intention model 66-1 
according to the following Formula 3. 
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(3) 

In the Formula 3, the respective parameters a, b and c 
represent parameters for adjusting weights of the acoustic 
score, the language score and the pre-scores, that is, weight 
coefficients. The weight coefficients a, b and c are appropri 
ately set for adjusting ratios of the respective scores. For 
example, in the present embodiment, as described above, the 
weight coefficients a, b and c are given at the time when each 
of the acoustic score, the language score, and the pre-score is 
calculated in the multi-matching process in FIG. 4. However, 
the weight coefficients a, b and c are not fixed to the given 
values, and can be adjustable. For example, in the present 
embodiment, Such a function for adjusting the weights of the 
scores is provided in the intention reliability calculation sec 
tion 68. 

In step S8, the output section 69 outputs the intention 
information selected by the intention determination section 
67, and the reliability of the intention model 66 corresponding 
to the intention information, as a voice understanding result. 

For example, in the above described specific example in 
which only the intention model 66-1 and the intention model 
66-2 are provided in the voice understanding device 41, the 
total score T1 of the intention model 66-1 is higher than the 
total score T2 of the intention model 66-2. This means that the 
intention model 66-1 is compatible with the input voice sig 
nal, compared with the intention model 66-2. That is, with 
respect to the utterance of the user “ASHITA-NO-TENKI 
WO-OSHIETE (Tell me the weather tomorrow), the inten 
tion information (FIG.5)“ASHITA-NO-TENKI-WO-OSHI 
ETE-KUDASAI (Let me know the weather tomorrow)” of 
the intention model 66-1 is more suitable than the intention 
information (FIG. 10) “IMA-NO-JIKAN-WO-OSHIETE 
KUDASAI (Can you tell me the time, please?) of the inten 
tion model 66-2. 

Accordingly, in a case where the utterance of the user is 
“ASHITA-NO-TENKI-WO-OSHIETE (Tell me the weather 
tomorrow), in the process of step S6, the intention informa 
tion “ASHITA-NOTENKI-WO-OSHIETE-KUDASAI (Let 
me know the weather tomorrow)” of the intention model 66-1 
is selected by the intention determination section 67. Further, 
in the process of step S7, the intention information ASHITA 
NO-TENKI-WO-OSHIETE-KUDASAI (Let me know the 
weather tomorrow)” of the intention model 66-1 and the 
reliability of the intention model 66-1 calculated according to 
the Formula 3 in the process in step S7 are together output as 
the Voice understanding information. 

In the above description, two models of the intention model 
66-1 and the intention model 66-2 are present, as described 
above, but the invention is not limited thereto. In a case where 
the intention models 66-1 to 66-N (N=3 or more) are present, 
the Voice understanding process is performed in the same 
way. 

Further, in the above described voice understanding pro 
cess, the intention model 66-t having the highest total score as 
the voice understanding result is selected. However, only the 
intention model 66-t should not necessarily be selected. That 
is, for example, among the intention models 66-1 to 66-N, P 
items of upper models having high total scores can be selected 
as the Voice understanding result. 

Hereinbefore, the example of the voice understanding pro 
cess by means of the Voice understanding device 41 is 
described, with reference to FIGS. 3 to 13. 
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In this way, in the Voice understanding process by means of 
the Voice understanding device 41, as well as the Voice rec 
ognition for simply estimating the word sequence from the 
input voice signal as in the related art, the Voice understanding 
for estimating the intention of the utterance from the input 
Voice signal is also employed. 

It should be noted that Voice understanding and Voice rec 
ognition are totally different from each other. Hereinafter, the 
difference between Voice understanding and Voice recogni 
tion will be described. 

In the Voice understanding, the occurrence probability of 
utterance intention which is used for estimating the utterance 
intention from the input voice signal can be expressed as a 
post-probability of intention S with respect to an input voice 
signal X, like the following Formula 4. 

P(S. X) = (4) 

On the other hand, in the Voice recognition, the occurrence 
probability of a word sequence which is used for estimating 
the word sequence from the input voice signal can be 
expressed as the following formula 5. 

P(X w, w, ... w X) = (5) wo) P(W1, W2, ... 
P(X) 

, Wo) Pwl, w, ... 

In the Formula 4 and the Formula 5, a variable X represents 
an input voice signal; a variable S represents intention; a 
variablew, (i=1,..., Q) represents a word. Here, Q represents 
the number of the words included in the word sequence. 
The voice understanding is formulated to determine the 

intention S in which the occurrence probability as shown in 
the Formula 4 is maximized. On the other hand, the voice 
recognition is formulated to determine the word sequence 
(w, w, . . . . wo) in which the occurrence probability as 
shown in the Formula 5 is maximized. 
The acoustic score in the Voice recognition corresponds to 

a probability P(XIw, w, ..., wo), and the language score 
corresponds to a probability P(w, w, ..., wo). 

With respect to the voice understanding device 41 as shown 
in FIG. 2, the Formula 4 can be expressed as the following 
Formula 6. 

PS X) = (X W1, W2, 0. w2, ... , woS)P(S) (6) 
(X) 

Here, w(i=1,..., Q) represents words determined with 
respect to the intention S. That is, on the basis of a word 
sequence (W. W.2,..., W.) including the words determined 
with respect to the intention S, the acoustic score is calcu 
lated. The acoustic score calculated in this way corresponds 
to a probability P(XIWs, ws2, ....W.so). Further, on the basis 
of the word sequence (ws, ws2, ..., Wso), the language score 
is calculated. The language score calculated as described 
above corresponds to a probability P(ws, ws2, ..., wsIS). 
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Further, the occurrence probability P(s) (pre-score probabil 
ity) given to the intention S corresponds to the pre-score. 
As can be easily understood by comparing the Formula 5 

with the Formula 6, in the voice recognition for determining 
the word sequence (w. W. . . . . wo) for maximizing the 
Formula 5, the intention S is not wholly considered. In this 
respect, in the Voice understanding for determining the inten 
tion S for maximizing the Formula 6, the word sequence (ws, 
Ws. . . . . Wso) is determined according to the intention S. 
Accordingly, the N best word sequence which is the voice 
recognition result determined in the process for calculating 
the word sequence for maximizing the Formula 5, and a word 
sequence which is formed for each intention calculated in the 
voice understanding are totally different from each other. 
That is, the acoustic score PCXIws, ws. . . . . Ws) and the 
language score P(ws, ws2, ..., WsolS) calculated in the Voice 
understanding process are totally different from the acoustic 
score PCXIw, w, . . . . wo) and the language score P (w, 
W2. . . . . wo) calculated in the Voice recognition process. 
Further, the voice recognition is also different from the voice 
understanding in that the pre-score P(S) is considered in the 
process of calculating the total score. 

In the voice understanding device 41, the reliability can be 
expressed as the Formula 7. 

P(S. X) = (7) 

P(X w.1, w? ... , wo) P(ws, wo, ... , woS) P(S) 
X P(X|ws, w?, ... , wo) P(wl, w, ... , woS) P(S) 
S 

In the Formula 7, the parameters a, b and c in the Formula 
7 represent parameters for adjusting weights of the acoustic 
score, the language score, and the pre-score for each of the 
intention models 66-1 to 66-N which are calculated in the 
Voice understanding, respectively, that is, weight coefficients. 
In the Formula 7, it could be understood that the reliability is 
calculated as the post-probability of the intention S with 
respect to the input voice signal X while taking into account 
the intention. Further, the Formula 3 is obtained by changing 
the formula 7 into a formula for calculating the reliability R1 
of the intention model 66-1. That is, the Formula 7 is obtained 
by generalizing the Formula 3. 

2. Second Embodiment 

In the above described first embodiment, the pre-score 
stored in each of the intention models 66-1 to 66-N is set on 
the basis of the occurrence probability (pre-probability) of the 
corresponding intention, and maintains a fixed value. In this 
respect, in the second embodiment, the pre-score is adjusted 
according to a context. The context refers to a state in which 
an utterance of a user is input. 

In this respect, a configuration of a Voice understanding 
device 41 according to the second embodiment is the same as 
in the first embodiment as shown in FIG. 2. 

State Transition of Context 
For example, in a case where a user can ask the Voice 

understanding device 41 a question about the weather, in an 
initial context, the occurrence probability that the user makes 
an utterance “TENKI-WO-OSHIETE (Tell me the weather) 
and the occurrence probability that the user makes an utter 
ance “ASHITA (tomorrow)” are approximately the same. 
Further, the user makes the utterance “TENKI-WO-OSHI 
ETE (Tell me the weather) with respect to the voice under 
standing device 41, and with respect to this user's utterance, 
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the Voice understanding device 41 gives a response to the user 
to input date and time. In this context (a state in which the next 
utterance of the user is input corresponding to the response), 
it is expected that the occurrence probability that the user 
repeats the utterance “TENKI-WO-OSHIETE (Tell me the 
weather) is low, and the occurrence probability that the user 
makes an utterance, for example, “ASHITA (tomorrow)” is 
high. In this way, according to an utterance history of the user, 
the responses of the voice understanding device 41 with 
respect to the utterances of the user, and the like, the next 
context (a state in which the next utterance of the user is input 
to the Voice understanding device 41) is varied. 

For example, the context can be expressed by means of a 
state transition model, as shown in FIG. 14. 

FIG. 14 is a state transition diagram illustrating an example 
of a state transition of the context. 

In FIG. 14, states K1 to K4 are represented as ellipses in 
which corresponding codes are given. Among the states K1 to 
K4, the state transition from a first state to a second state is 
indicated by an arrow drawn from the first state to the second 
state. That is, in the state transition model in FIG. 14, the 
states K1 to K4 illustrate predetermined contexts. Accord 
ingly, hereinafter, the states K1 to K4 are referred to as con 
texts K1 to K4. Further, among the contexts K1 to K4, a 
condition that the state transition from one context to another 
context occurs (hereinafter, referred to as a state transition 
condition) is an utterance of a user. Thus, since an initial state 
of the context is a context K1, if the utterance of the user is 
performed in the context K1 in the initial state, the context K1 
is transited to a context K2 or a context K3. 

Specifically, for example, the following three intention 
models 66-A to 66-C are provided in the voice understanding 
device 41. Codes A to C in the intention models 66-A to 66-C 
are certain values among 1 to N, which indicate different 
values. The intention model 66-A is an intention model cor 
responding to the intention information AASHITA-NO 
TENKI-WO-OSHIETE-KUDASAI (Let me know the 
weather tomorrow); the intention model 66-B is an intention 
model corresponding to the intention information B 
“RISETTO-SHITE-KUDASAI (Please reset); and the 
intention model 66-C is an intention model corresponding to 
the intention information C “IMA-NO-JIKAN-WO-OSHI 
ETE-KUDASAI (Can you tell me the time, please?). 

Further, pre-scores A to C corresponding to each of the 
intention information A to Care adjusted according to each of 
the contexts K1 to K4 as shown in FIG. 14. 

In this respect, a state transition condition from the context 
K1 in the initial state to the context K2 is an utterance corre 
sponding to the intention information C“IMA-NO-JIKAN 
WO-OSHIETE-KUDASAI (Can you tell me the time, 
please?). Further, a state transition condition from the con 
text K1 in the initial state to the context K3 is an utterance 
corresponding to the intention information AASHITA-NO 
TENKI-WO-OSHIETE-KUDASAI (Let me know the 
weather tomorrow)”. 
A state transition condition from the context K2 to the 

context K4 is an utterance corresponding to the intention 
information. A “ASHITA-NO-TENKI-WO-OSHIETE-KU 
DASAI (Let me know the weather tomorrow)”. Further, a 
state transition condition from the context K3 to the context 
K4 is an utterance corresponding to the intention information 
C “IMA-NO-JIKAN-WO-OSHIETE-KUDASAI (Can you 
tell me the time, please?). Further, in a case where a user 
makes an utterance corresponding to the intention informa 
tion B “RISETTO-SHITE-KUDASAI (Please reset) with 
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respect to the Voice understanding device 41, transition to the 
context K1 is performed on a constant basis, which is not 
shown. 

In the context K1 in the initial state, the pre-scores corre 
sponding to the three pieces of intention information A, B and 
C are adjusted to be similar values 0.3, 0.4 and 0.3. In this 
respect, the reason why only the pre-score corresponding to 
the intention information B is 0.4 which is higher than the 
others is becausea total value of the pre-scores corresponding 
to the three pieces of intention information A, B and C in the 
present embodiment is normalized to be 1.0, and 1.0 cannot 
be divided by 3 (the number of the intention information A, 
B and C). Thus, the pre-scores of the intention information A 
or C may be set as 0.4. 

In the context K1, in a case where the user makes an 
utterance corresponding to the intention information C 
“IMA-NO-JIKAN-WO-OSHIETE-KUDASAI (Can you tell 
me the time, please?), the voice understanding device 41 
determines that the state transition condition is satisfied by 
the input utterance, and performs transition from the context 
K1 to the context K2. As a result, the pre-score calculation 
section 83 (FIG. 2) of the voice understanding device 41 
adjusts the pre-scores corresponding to the intention infor 
mation A, B and C to 0.7, 0.3 and 0.0, respectively. 

That is, in a case where the Voice understanding device 41 
presents current time information in response to the intention 
information C to the user, the probability that the user again 
makes the utterance corresponding to the intention informa 
tion C “IMA-NO-JIKAN-WO-OSHIETE-KUDASAI (Can 
you tell me the time, please?) becomes low. Thus, in the 
context K2, the pre-score corresponding to the intention 
information C is adjusted to be decreased to 0.0. On the other 
hand, the probability that the user again makes the utterance 
corresponding to the intention information AASHITA-NO 
TENKI-WO-OSHIETE-KUDASAI (Let me know the 
weather tomorrow)” becomes high. Thus, in the context K2, 
the pre-score corresponding to the intention information A is 
adjusted to be increased to 0.7. Further, in the context K2, the 
pre-score corresponding to the intention information B is 
adjusted to 0.3 (=1.0-0.7–0.0). 

Similarly, in the context K1, in the case where the user 
makes an utterance corresponding to the intention informa 
tion. A “ASHITA-NO-TENKI-WO-OSHIETE-KUDASAI 
(Let me know the weather tomorrow), the voice understand 
ing device 41 determines that the state transition condition is 
satisfied by the input utterance, and performs transition from 
the context K1 to the context K3. As a result, the pre-score 
calculation section 83 (FIG. 2) of the voice understanding 
device 41 adjusts the pre-scores corresponding to the inten 
tion information A, B and C to 0.0, 0.4 and 0.6, respectively. 

That is, in the case where the Voice understanding device 
41 presents tomorrow weather information in response to the 
intention information A to the user, the probability that the 
user again makes the utterance corresponding to the intention 
information. A “ASHITA-NO-TENKI-WO-OSHIETE-KU 
DASAI (Let me know the weather tomorrow)” becomes low. 
Thus, in the context K3, the pre-score corresponding to the 
intention information A is adjusted to be decreased to 0.0. On 
the other hand, the probability that the user again makes the 
utterance corresponding to the intention information C 
“IMA-NO-JIKAN-WO-OSHIETE-KUDASAI (Can you tell 
me the time, please?) becomes high. Thus, in the context K3, 
the pre-score corresponding to the intention information C is 
adjusted to be increased to 0.6. Further, in the context K3, the 
pre-score corresponding to the intention information B is 
adjusted to 0.4 (=1.0-0.6-0.0). 
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Next, in the context K2, in a case where the user makes an 

utterance corresponding to the intention information A 
“ASHITA-NO-TENKI-WO-OSHIETE-KUDASAI (Let me 
know the weather tomorrow), the voice understanding 
device 41 determines that the state transition condition is 
satisfied by the input utterance, and performs transition from 
the context K2 to the context K4. As a result, the pre-score 
calculation section 83 (FIG. 2) of the voice understanding 
device 41 adjusts the pre-scores corresponding to the inten 
tion information A, B and C to 0.1, 0.8 and 0.1, respectively. 

That is, in the context K4, since the user already knows 
tomorrow's weather information or the current time informa 
tion, the probability that the user again makes the utterance 
corresponding to the intention information AASHITA-NO 
TENKI-WO-OSHIETE-KUDASAI (Let me know the 
weather tomorrow)” or the intention information C “IMA 
NO-JIKAN-WO-OSHIETE-KUDASAI (Canyou tell me the 
time, please?) becomes low. Thus, in the context K4, the 
pre-scores corresponding to the intention information A and 
the intention information C are adjusted to be decreased to 
0.1. Further, in the context K4, the pre-score corresponding to 
the intention information B is adjusted to 0.8 (=1.0-0.1-0.1). 
As described above, in the second embodiment, the pre 

score corresponding to each of intention information is 
adjusted according to the context. As a result, a process accu 
racy in step S6 and step S7 in the Voice understanding process 
in FIG. 3, that is, a process accuracy in selection of the 
intention information by means of the intention determina 
tion section 67 and calculation of the reliability by means of 
the intention reliability calculation section 68 is enhanced. 

3. Third Embodiment 

In the above described first embodiment and the second 
embodiment, a signal of a silent Zone included in the input 
Voice signal is not taken into account. However, the validity of 
the reliability of the intention model 66 which is calculated by 
the intention reliability calculation section 68 in FIG. 2 is 
influenced by the signal of the silent Zone included in the 
input voice signal. Thus, in the third embodiment, the signal 
of the silent Zone included in the input voice signal is 
removed, and then, the reliability of an intention model 66-k 
with respect to a signal of a voice Zone is calculated. 

In this respect, a configuration of a voice understanding 
device 41 according to the third embodiment is the same as in 
the first embodiment as shown in FIG. 2. 

Removal of the Silent Zone Included in the Input Voice 
Signal 

FIG. 15 is a diagram illustrating a silent Zone included in 
the input Voice signal. 

For example, as shown in FIG. 15A, an input voice signal 
X is given in a section ranging from a time t1 to a time tT. The 
input voice signal X includes a signal of the silent Zone after 
utterance. Specifically, for example, in FIG. 15A, in the sec 
tion ranging from the time t1 to the time t2 and a section 
ranging from a time to to a time tT, the silent Zone signals are 
included, respectively. 

In such a case, in the third embodiment, as shown in FIG. 
15B, the intention reliability calculation section 68 calculates 
the reliability using as a process target the input voice signal 
X" in a section ranging from the timet2 to the time té in which 
the signals of the silent Zones are removed. As a result, com 
pared with the first embodiment, the validity of the reliability 
is enhanced. This is because acoustic information andlinguis 
tic information for estimating intention of the utterance are 
not included in the signals in the silent Zones. 
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The process for removing the signal of the silent Zone from 
the input voice signal, for example, is performed by the fea 
ture extraction section 63 or the multi-matching section 64. 

For example, as the process for removing the signal of the 
silent Zone, on the basis of power of the input voice signal, the 
feature extraction section 63 recognizes a Zone of the power 
which is larger than or equal to a threshold value as the Voice 
Zone, and recognizes the other Zones as the silent Zone, to 
thereby remove the recognized silent Zone signal. 
On the otherhand, the multi-matching section 64 performs, 

for example, the following process as the process for remov 
ing the signal of the silent Zone. 

FIG. 16 is a diagram illustrating an example of the process 
for removing the signal of the silent Zone by means of the 
multi-matching section 64, which is a diagram illustrating a 
starting time and an ending time with respect to each word. 

In FIG. 16, items of “word”, “starting time' and “ending 
time' are shown. 

In this respect, the times t1 to t7 shown in the “starting 
time' and the “ending time' are the same as the times t1 to t7 
as shown in FIG. 15A. That is, in a case where the input voice 
signal X in FIG. 15A is input in the example of FIG. 16, it is 
presumed that the multi-matching process is performed with 
respect to one predetermined intention model 66-k by means 
of the multi-matching section 64. Under Such a presumption, 
each word which forms a word sequence obtained as a result 
of the multi-matching process with respect to the intention 
model 66-k, and the starting time and the ending time of each 
word are shown in FIG. 16. 

Specifically, for example, a word sequence “silence 
ASHITA NOTENKIOSHIETE silence” is determined by the 
multi-matching section 64, and each word forming the word 
sequence is described in each row of the “word' item. In this 
respect, the word “silence' represents a word corresponding 
to a probability model which is used for matching with 
respect to the feature amount sequence of the silent Zone. 

In the “starting time' item, the starting time of the word 
described in the “word' item in the same row is described. In 
the “ending time' item, the ending time of the word described 
in the “word' item in the same row is described. Further, a 
determining technique of the starting time and the ending 
time of each word is not particularly limited, but for example, 
in the present embodiment, a technique in which the starting 
time and the ending time are determined using a Viterbi 
search during the multi-matching process is employed. 

Specifically, for example, in the first row, the word 
“silence' is described in the “word' item; the time t1 is 
described in the “starting time' item; and the time t2 is 
described in the “ending time' item. Thus, it could be under 
stood that the word “silence' which appears at the beginning 
of the word sequence is a word compatible with a signal from 
the time t1 to the time t2, among the input voice signal X in 
FIG. 15A which is the input voice signal. 

Similarly, for example, in the second row, the word 
“ASHITA (tomorrow)” is described in the “word' item; the 
time t2 is described in the “starting time' item; and the time t3 
is described in the “ending time' item. Thus, it could be 
understood that the word “ASHITA” which appears in the 
second row of the word sequence is a word compatible with a 
signal from the time t2 to the time t3, among the input Voice 
signal in FIG. 15A which is the input voice signal. 

Further, for example, in the sixth row, the word “silence' is 
described in the “word' item; the time té is described in the 
“starting time' item; and the time t7 is described in the "end 
ing time' item. Thus, it could be understood that the word 
“silence' which appears at the end of the word sequence is a 
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word compatible with a signal from the time to to the time t7. 
among the input voice signal X in FIG. 15A which is the input 
Voice signal. 

Similarly, in the other rows, for example, among the word 
sequence “silence ASHITA NOTENKI OSHIETE silence” 
which is determined by the multi-matching section 64, pre 
determined words are described in the “word' item. Further, 
starting times of predetermined words are described in the 
“starting time' item, and ending times of predetermined 
words are described in the “ending time' item. 

In this case, among the input voice signal X in FIG. 15A 
which is the input voice signal, the multi-matching section 64 
removes the signal from the starting time t1 of the word 
“silence' which appears at the beginning of the word 
sequence to the ending time t2 thereof, as the signal of the 
silent Zone. Similarly, among the input voice signal X in FIG. 
15A which is the input voice signal, the multi-matching sec 
tion 64 removes the signal from the starting time to of the 
word “silence' which appears at the end of the word sequence 
to the ending time t7 thereof, as the signal of the silent Zone. 

4. Fourth Embodiment 

In the above described first to third embodiments, even in a 
case where the input voice signal does not represent a specific 
meaning, it is likely that a high reliability is given to selected 
intention information. However, in the case where the input 
Voice signal does not represent the specific meaning, even 
though the high reliability is given to the selected intention 
information, it is not preferable that the intention information 
is employed as a voice understanding result as it is. Thus, in 
the fourth embodiment, in order to increase the validity of the 
Voice understanding result, in the case where the input voice 
signal does not represent the specific meaning, an utterance 
corresponding to the input Voice signal is determined as a 
meaningless utterance, and the determination result is added 
to the Voice understanding result. 

In this respect, a configuration of a voice understanding 
device 41 according to the fourth embodiment is the same as 
in the first embodiment as shown in FIG. 2. 

In the fourth embodiment, as one specific intention model 
66-r (ris an arbitrary integer value of 1 to N) among intention 
models 66-1 to 66-N, a model corresponding to universal 
intention information which does not indicate a specific 
intention is formed. That is, the universal intention informa 
tion (in other words, intention model other than intention 
models 66-k(k=1,2,..., N, kzr)) which does not indicate the 
specific intention is stored in an intention information storage 
section 91-r of the intention model 66-r: 

In this case, a dictionary recorded in a dictionary database 
92-r of the intention model 66-rand a grammar rule recorded 
in a grammar database 93-r thereof are not generated on the 
basis of the example sentences corresponding to the intention 
information of the specific utterance as shown in FIG. 5 or 
FIG. 10. The dictionary recorded in the dictionary database 
92-rand the grammar rule recorded in the grammar database 
93-r are generated on the basis of example sentences corre 
sponding to intention information of utterances which are 
randomly and massively collected. That is, a dictionary which 
includes a large Vocabulary is recorded in the dictionary data 
base 92-r and a universal trigram grammar is recorded in the 
grammar database93-r, so that a random utterance of the user 
becomes a process target of the Voice understanding process. 

For example, the input voice signal does not relate to any 
intention information corresponding to each of the intention 
models 66-1 to 66-N in which the intention model 66-r is 
removed. 
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In this case, an acoustic score and a language score which 
are calculated with respect to each of the intention models 
66-1 to 66-N in which the intention model 66-r is removed 
become a low value, respectively. In this respect, an acoustic 
score and a language score which are calculated with respect 
to the intention model 66-r become a high value, respectively. 

Accordingly, the intention determination section 67 selects 
the intention information corresponding to the intention 
model 66-r, as intention information corresponding to the 
utterance of the user. 

In the case where the intention determination section 67 
selects the intention information corresponding to the inten 
tion model 66-r in this way, the utterance of the user is 
determined as a meaningless utterance, and the determination 
result that the utterance of the user is the meaningless utter 
ance is added to the selected intention information for output. 
Further, the series of processes by means of the intention 
determination section 67 according to the above described 
fourth embodiment are referred to as a meaningless utterance 
determination process. Details of the meaningless utterance 
determination process will be described with reference to a 
flowchart in FIG. 17. 
On the other hand, in this case, the reliability with respect 

to the intention model 66-r is calculated according to the 
Formula 3 in the same way as in the other cases. It is because 
the fact that the dictionary of the intention model 66-r 
includes a large Vocabulary and the grammar rule of the 
intention model 66-r is the universal trigram grammar does 
not affect the calculation of the reliability on the basis of the 
Formula3. That is, the intention reliability calculation section 
68 uses an acoustic score, a language score and a pre-score 
which are provided from the multi-matching section 64 with 
respect to the intention model 66-r in a similar way to the 
other cases, to thereby calculate the reliability. 

Finally, in addition to the intention information selected by 
the intention determination section 67, and the reliability of 
the intention model 66 corresponding to the intention infor 
mation, the determination result of the meaningless utterance 
by means of the intention determination section 67 are output 
from an output section 69 as a voice understanding result. 

In a case where intention information corresponding to any 
one of the intention models 66-1 to 66-N in which the inten 
tion model 66-r is removed is selected, in a similar way to the 
other cases, the intention information which is selected by the 
intention determination section 67 and the reliability of the 
intention model 66 corresponding to the intention informa 
tion are output from the output section 69 as the voice under 
standing result. 

Meaningless Utterance Determination Process 
FIG. 17 is a flowchart illustrating an example of the mean 

ingless utterance determination process by means of the 
intention determination section 67 according to the fourth 
embodiment. 
The meaningless utterance determination process is per 

formed instead of the processes of steps S5 and S6, after the 
multi-matching process of step S4 in FIG. 3. That is, in the 
Voice understanding process according to the fourth embodi 
ment, after the processes of steps S1 to S4 in FIG. 3 are 
performed in the same way as in the other embodiments, the 
following processes of steps S61 to S64 are performed. 

In step S61, the intention determination section 67 totalizes 
the acoustic score, the language score and the pre-score which 
are provided from the multi-matching section 64 for each of 
the plurality of intention models 66-1 to 66-N, to thereby 
calculate the total score thereof. 

In step S62, the intention determination section 67 selects 
intention information corresponding to the intention model 
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66-t (t is any integer value of 1 to N) having the largest total 
score Tt among the intention models 66-1 to 66-N. Further, at 
this time, the intention determination section 67 may select 
the plural pieces of intention information corresponding to 
the plurality of upper intention models 66 which is larger than 
a threshold value in which the total score is preset, among the 
intention models 66-1 to 66-N. 

In step S63, the intention determination section 67 deter 
mines whether the selected intention information corre 
sponds to the meaningless utterance. That is, in the case 
where the intention determination section 67 selects the 
intention information corresponding to any one of the inten 
tion models 66-1 to 66-Nin which the intention model 66-ris 
removed, it is determined that the utterance of the user is not 
the meaningless utterance. In this respect, in a case where the 
intention determination section 67 selects the intention infor 
mation corresponding to the intention model 66-r, it is deter 
mined that the utterance of the user is the meaningless utter 
aCC. 

In step S64, the intention determination section 67 adds the 
determination resulton whether the utterance of the user is the 
meaningless utterance to the selected intention information 
for output. 

Thus, the meaningless utterance determination process by 
means of the intention determination section 67 is completed. 
Then, the processes of step S7 and after in FIG. 3 are per 
formed. 

That is, in the process of step S7, the reliability of the 
intention information which is selected by the intention deter 
mination section 67 is calculated, and the Voice understand 
ing result is output in the process of step S8. 

Specifically, for example, in a case where the intention 
information corresponding to the intention model 66-k other 
than the intention model 66-r is selected, in similar way to the 
other cases, the selected intention information and the reli 
ability of the intention model 66-kcorresponding to the inten 
tion information are output from the output section 69 as the 
Voice understanding result. 

In this respect, for example, in the case where the intention 
information corresponding to the intention model 66-r is 
selected, in addition to the selected intention information and 
the reliability of the intention model 66-k corresponding to 
the intention information, the determination result of the 
meaningless utterance are output from the output section 69 
as the Voice understanding result. 

In a case where the determination result of the silent utter 
ance is included in the Voice understanding result in the 
Subsequent processes, the Voice understanding device 41 or 
any other device (not shown) can reject the Voice understand 
ing result irrespective of the reliability. On the other hand, in 
a case where the determination result of the meaningless 
utterance is not included in the Voice understanding result, the 
voice understanding device 41 or the other device (not shown) 
can determined whether the Voice understanding result is to 
be accepted or rejected on the basis of the reliability. The 
application examples of the Voice understanding result will be 
described with reference to FIGS. 19 and 20. 

Experimental Results 
FIG. 18 is a diagram illustrating experimental results 

according to the first, third and fourth embodiments. 
The present inventors have performed experiments that 

Voice understanding results are output to each of the Voice 
understanding devices 41 according to the first, third and 
fourth embodiments, using input voice signals which are 
made from 86 utterances uttered by each offive persons being 
men and women. 
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In this case, the number of the input voice signals (herein 
after, referred to as “evaluation data') of the process target 
becomes 430, the voice understanding result is output for 
each voice section. Further, 14 types of intention models 66-1 
to 66-14 are provided in the voice understanding device 41 
according to each embodiment. The number of words in the 
dictionaries included in the respective intention models 66-1 
to 66-14 is different, which are all together about 35,000 
words. As the grammar rule included in each of the intention 
models 66-1 to 66-14, the trigram grammar is employed. An 
MFCC (Mel Frequency Cepstrum Coefficients) is employed 
for an acoustic analysis, and the HMM (Hidden Markov 
Model) is used as an acoustic model. The evaluation data 
includes meaningful utterances corresponding to any one 
among the prepared intention models 66-1 to 66-14, and 
meaningless utterances which do not correspond to any one 
among the prepared intention models 66-1 to 66-14. Specifi 
cally, 65 utterances among the 86 utterances are the mean 
ingful utterances, and the remaining 21 utterances are the 
meaningless utterances. 
The Voice understanding device 41 according to each 

embodiment determines as a correct answer in a case where 
the intention information corresponding to the meaningful 
utterances included in the evaluation data can be correctly 
selected, and determines as an incorrect answer in a case 
where the intention information corresponding to the mean 
ingful utterances included in the evaluation data is not cor 
rectly selected. Further, the voice understanding device 41 
according to each embodiment accepts the selected intention 
information in a case where the given reliability with respect 
to the input voice signal is larger than a predetermined thresh 
old value. On the other hand, the voice understanding device 
41 according to each embodiment rejects the selected inten 
tion information in a case where the reliability thereof is 
smaller than the predetermined threshold value. 

In this respect, with respect to the meaningful utterances, 
even though the intention determination section 67 can cor 
rectly select the intention information, the mistakenly 
rejected intention information which is generated since the 
given reliability is smaller than the predetermined threshold 
value is referred to as a “false rejection error, hereinafter. 
Further, the mistakenly accepted intention information which 
is generated since the given reliability with respect to the 
meaningless utterances is larger than the predetermined 
threshold value is referred to as a “false acceptance error, 
hereinafter. 

In FIG. 18, the longitudinal axis represents a ratio (%) of 
the false rejection error, and the transverse axis represents a 
ratio (%) of the false acceptance error. Curves L1 to L3 
represent the ratios of the false rejection error and the false 
acceptance error in a case where the threshold value of the 
reliability determination is changed. 

For example, in a case where the threshold value is set 
exceedingly small and the estimation results of all the inten 
tion information are accepted, the false rejection error 
becomes 0, and the false acceptance error becomes 100. In 
this respect, the threshold value is set exceedingly large and 
the estimation results of all the intention information are 
rejected, the false rejection error becomes 100, and the false 
acceptance error becomes 0. As described above, it could be 
understood that the false rejection error and the false accep 
tance error are in a trade-off relationship. Thus, hereinafter, 
the curves L1 to L3 as shown in FIG. 18 are referred to as 
determination error trade-off curves L1 to L3. 
The determination error trade-off curve L1 represents the 

performance result of the Voice understanding device 41 
according to the first embodiment (a case where a simple 
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reliability determination is performed without performing the 
removal of the silence Zone and the determination of the 
meaningless utterance). In the first embodiment, as the 
threshold value is appropriately set, the ratios of the false 
rejection error and the false acceptance error become about 
20, respectively. 
The determination error trade-off curve L2 represents the 

performance result of the Voice understanding device 41 
according to the third embodiment in which the silence Zone 
of the input voice signal is removed and the reliability is 
calculated. As a predetermined threshold value is appropri 
ately set, the ratios of the false rejection error and the false 
acceptance error can be restricted up to about 12, respectively. 
As the silence Zone of the input voice signal is removed by the 
determination error trade-off curve L2 and the reliability is 
calculated, the validity of the reliability of the embodiment of 
the invention can be enhanced compared with the first 
embodiment. 
The determination error trade-off curve L3 represents the 

performance result of the Voice understanding device 41 
according to the fourth embodiment in which the determina 
tion result of the meaningless utterances is added to the Voice 
understanding result. As a predetermined threshold value is 
appropriately set, the ratios of the false rejection error and the 
false acceptance error can be restricted up to about 7, respec 
tively. As the determination result of the meaningless utter 
ances is added to the Voice understanding result by the deter 
mination error trade-off curve L3, the validity of the voice 
understanding result of the embodiment of the invention can 
be enhanced compared with the third embodiment. 
By combining two or more of the above described first to 

fourth embodiments, a synergetic effect can be realized. 

5. Fifth Embodiment 

Configuration Example of Information Presentation 
Device 

FIG. 19 is a block diagram illustrating a configuration of an 
embodiment of an information presentation device which is a 
Voice processing device according to the embodiment of the 
invention. 
An information presentation device 101 in FIG. 19 

includes a voice understanding section 121, a dialogue man 
agement section 122, an information storage section 123 and 
a presentation section 124. 
The Voice understanding section 121 has the same function 

and configuration as in the Voice understanding device 41 as 
shown in FIG. 2 (the first to fourth embodiments as described 
above). In this respect, repetitive description will be omitted. 
A Voice which is uttered by a user undergoes, as an input 

Voice signal, the above described Voice understanding pro 
cess (FIG. 3) by means of the voice understanding section 
121. As a result, a Voice understanding result is output from 
the Voice understanding section 121. 
The dialogue management section 122 performs the fol 

lowing process according to the reliability given to intention 
information which is included in the Voice understanding 
result by means of the voice understanding section 121. That 
is, the dialogue management section 122 obtains, in a case 
where the reliability included in the voice understanding 
result is exceedingly high, information corresponding to the 
intention information included in the Voice understanding 
result from the information storage section 123. On the other 
hand, in a case where the reliability included in the voice 
understanding result is exceedingly low, the dialogue man 
agement section 122 rejects the Voice understanding result. 
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Specifically, the information corresponding to the intention 
information is not obtained. Further, in a case where the 
reliability included in the voice understanding result is within 
a specific range, the dialogue management section 122 
requests the user to perform a confirmation of the Voice 
understanding result. 

In the information storage section 123 is stored a variety of 
information corresponding to each intention information 
which corresponds to each of the plurality of intention models 
66-1 to 66-N which are stored in the voice understanding 
section 121. Specifically, for example, weather information 
corresponding to the intention information with respect to the 
weather, time information corresponding to the intention 
information with respect to time, or the like is stored in the 
information storage section 123. 
The presentation section 124 presents the information 

itself which is obtained by the dialogue management section 
122 or a variety of information based on the obtained infor 
mation to the user through a display, or a speaker, or the like. 
Further, an operation corresponding to a command is per 
formed by means of a motor or any other actuator. In addition, 
in a case where the confirmation of the Voice understanding 
result with respect to the user is performed by the dialogue 
management section 122, the presentation section 124 pre 
sents the confirmation content to the user. Further, the pre 
sentation section 124 can present to the user what kind of 
Voice can be input. 

In this respect, the information stored in the information 
storage section 123 may be information corresponding to 
predetermined intention information. Further, the output the 
presentation section 124 may have a variety of formats 
including an image output by means of the display oran audio 
output by means of the speaker. 

For example, in a case where the information presentation 
device 101 is applied as at least a part element of a robot, a 
variety of operations of the robot may be employed as the 
output format of the presentation section 124. Further, in a 
case where intention information “TATTE-KUDASAI 
(Please stand up) corresponds to utterances such as “TATTE 
(Up)", “OKITE (Up) and “TACHIAGATTE (Stand up), it 
is possible to enable a command for instructing a standup 
operation to correspond to the intention information. In this 
way, a variety of commands for instructing operations corre 
sponding to a variety of intention information can correspond 
to the variety of intention information. 

In Such a case, the variety of commands is stored in the 
information storage section 123. Then, the dialogue manage 
ment section 122 obtains, in a case where the Voice under 
standing result including the exceedingly high reliability is 
provided, a command corresponding to the intention infor 
mation included in the Voice understanding result, from the 
information storage section 123. The presentation section 124 
analyzes the command obtained by the dialogue management 
section 122, and performs a driving control for the robot so 
that the robot performs an operation instructed by the com 
mand. 

In this respect, in the case where the reliability included in 
the Voice understanding result is exceedingly low, the dia 
logue management section 122 rejects the Voice understand 
ing result. However, the robot does not perform an operation 
corresponding to the intention information in which the reli 
ability is exceedingly low (no response). That is, the robot 
does not perform an operation which may be recognized as a 
malfunction, which is not intended by the user. 

In addition, in the case where the reliability included in the 
Voice understanding result is within the specific range, the 
dialogue management section 122 requests the user to per 
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form the confirmation of the Voice understanding result 
through the presentation section 124. That is, for example, the 
dialogue management section 122 makes an utterance for 
confirming whether the robot is properly operated with 
respect to the intention information included in the voice 
understanding result, with respect to the user. 
As described above, since the reliability is given to the 

Voice understanding result with respect to the intention (in 
tention information) of the utterance which is estimated from 
the input voice, the reliability of the control performed using 
the utterance intention which is estimated from the input 
voice signal, that is, the reliability of the operation control of 
the robot can be more effectively enhanced. 

Hereinafter, the series of processes performed by means of 
such an information presentation device 101 is referred to as 
an information presentation process. 

Information Presentation Process 
FIG. 20 is a flowchart illustrating an example of the infor 

mation presentation process by means of the information 
presentation device 101. 

In this respect, as a specific example, the following three 
intention models 66-A to 66-C are provided in the voice 
understanding section 121. The intention model 66-A is an 
intention model which corresponds to intention information 
A “ASHITA-NO-TENKI-WO-OSHIETE-KUDASAI (Let 
me know the weather tomorrow); The intention model 66-B 
is an intention model which corresponds to intention infor 
mation B“RISETTO-SHITE-KUDASAI (Please reset); and 
the intention model 66-C is an intention model which corre 
sponds to intention information C “IMA-NO-JIKAN-WO 
OSHIETE-KUDASAI (Can you tell me the time, please?). 
The information presentation device 101 performs the infor 
mation presentation process on the basis of the Voice under 
standing result based on these three pieces of intention infor 
mation. 

In step S91, the voice understanding section 121 performs 
the above described Voice understanding process with respect 
to an input voice signal, and outputs the Voice understanding 
result. 

For example, if a user makes an utterance “E-TO 
ASHITA-NO-TENKI-OSHIETE (Well, let me know the 
weather tomorrow)”, the voice which is uttered by the user 
undergoes, as an input Voice signal, the Voice understanding 
process through the Voice understanding section 121. Further, 
as the Voice understanding result, the intention information A 
of the intention model 66-A ASHITA-NO-TENKI-WO 
OSHIETE-KUDASAI (Let me know the weather tomor 
row)” and the reliability of the intention model 66-A are 
output from the Voice understanding section 121. 

In step S92, the dialogue management section 122 which is 
management means determines whether the reliability of the 
intention information which is included in the voice under 
standing result output from the Voice understanding section 
121 is larger than or equal to a first threshold value. The first 
threshold value is a threshold value which can be appropri 
ately adjusted. 

In a case where it is determined in step S92 that the reli 
ability of the intention information is larger than or equal to 
the first threshold value, the dialogue management section 
122 obtains, from the information storage section 123, infor 
mation corresponding to the intention information included 
in the voice understanding result, in step S93. 

For example, the dialogue management section 122 
obtains information corresponding to the intention informa 
tion. A “ASHITA-NO-TENKI-WO-OSHIETE-KUDASAI 
(Let me know the weather tomorrow)” of the intention model 
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66-A, which is included in the voice understanding result, that 
is, weather information from the information storage section 
123. 

In step S94, the presentation section 124 presents the infor 
mation obtained by the dialogue management section 122 to 
the user. 

That is, in this case, the presentation section 124 presents 
the weather information to the user. Thus, the information 
presentation process is terminated. 
As described above, in the case where the reliability of the 

intention information included in the Voice understanding 
result is larger than or equal to the first threshold value, the 
information corresponding to the intention information is 
presented to the user. 
On the other hand, in a case where the reliability of the 

intention information included in the Voice understanding 
result is smaller than the first threshold value, the dialogue 
management section 122 determines whether the reliability 
of the intention information included in the voice understand 
ing result by means of the Voice understanding section 121 is 
smaller than or equal to a second threshold value, in step S95. 
In this respect, the second threshold value is a threshold value 
which can be appropriately adjusted, but is Smaller than the 
first threshold value. 

In a case where the reliability of the intention information 
included in the Voice understanding result is Smaller than or 
equal to the second threshold, the dialogue management sec 
tion 122 rejects the voice understanding result, in step S99. 
Thereafter, the procedure returns to step S91, to repeat the 
same processes. That is, the case where the Voice understand 
ing result is rejected means a case where it is determined that 
the intention information included in the voice understanding 
result is exceedingly low in its reliability so that the intention 
information does not represent the users intention. Thus, in 
this case, the information corresponding to the intention 
information is not presented, and the Voice understanding 
process is performed again. Accordingly, it is possible to 
more reliably estimate a correct intention only. 

In the process of step S99, the dialogue management sec 
tion 122 may present the fact that the Voice understanding 
result has been rejected to the user through the presentation 
section 124. Further, in order for the voice understanding 
section 121 to perform the Voice understanding process again, 
the dialogue management section 122 may present informa 
tion for requesting the user to input a voice once again 
through the presentation section 124, in step S99. 

For example, in a case where a user makes an utterance 
“ETO-ASHITA-NO-NYUSU-OSHIETE-KURERU (Well, 
can you tell me tomorrow news?). it is assumed that the 
intention information AASHITA-NO-TENKI-WO-OSHI 
ETE-KUDASAI (Let me know the weather tomorrow)” of 
the intention model 66-A is incorrectly selected as the voice 
understanding result. However, if the reliability of the inten 
tion model 66-A is given exceedingly low, the Voice under 
standing result thereof is rejected on the basis of the reliabil 
ity. That is, the information presentation device 101 does not 
present the information corresponding to the intention infor 
mation in which the reliability is exceedingly low, that is, in 
this case, the weather information. 
As described above, in the case where the reliability of the 

intention information included in the Voice understanding 
result is Smaller than or equal to the second threshold value, 
the Voice understanding result is rejected. 
On the other hand, in a case where the reliability of the 

intention information included in the Voice understanding 
result is larger than the second threshold value, that is, in a 
case where the reliability is a value between the first threshold 
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value and the second threshold value, the dialogue manage 
ment section 122 presents information for requesting the user 
to confirm the intention information through the presentation 
section 124, in step S96. 

For example, in a case where the user makes an utterance 
“ETO-ASHITA-NO-NYUSU-OSHIETE-KURERU (Well, 
can you tell me tomorrow news?), it is assumed that the 
intention information AASHITA-NO-TENKI-WO-OSHI 
ETE-KUDASAI (Let me know the weather tomorrow)” of 
the intention model 66-A is selected as the voice understand 
ing result. However, in a case where the reliability of the 
intention model 66-A is larger than the second threshold 
value and smaller than the first threshold value, the dialogue 
management section 122 presents the following information 
to the user through the presentation section 124, on the basis 
of the reliability. That is, the dialogue management section 
122 presents information for requesting a confirmation of the 
intention information AASHITA-NO-TENKI-NI-TUITE 
OKIKI-NI-NARIMASHITAKA (Have you heard about the 
weather tomorrow'?” through the presentation section 124. 
The user who is requested to confirm the intention infor 

mation in this way inputs a response about whether or not the 
intention information is correct to the dialogue management 
section 122. Here, the dialogue management section 122 
obtains the user's response in step S97. 

In step S98, the dialogue management section 122 deter 
mines whether or not the intention information included in 
the Voice understanding result is correct on the basis of the 
user's response. 

In a case where it is determined in step S98 that the inten 
tion information included in the voice understanding result is 
not correct, the procedure returns to step S91 to repeat the 
same processes. In this respect, in order for the Voice under 
standing section 121 to perform the Voice understanding pro 
cess again, the dialogue management section 122 may present 
information for requesting the user to inputa Voice once again 
through the presentation section 124, in step S98. 
On the other hand, in a case where the intention informa 

tion is correct is step S98, the procedure returns to step S93 to 
repeat the same processes. That is, the dialogue 122 obtains 
the information corresponding to the Voice understanding 
result, and presents the information to the user through the 
presentation section 124. 
As described above, in the case where the reliability of the 

intention information included in the Voice understanding 
result is larger than the second threshold value and smaller 
than the first threshold value, the user is requested to confirm 
the intention information. Thus, it is possible to avoid pre 
senting intention which is not intended by the user and to 
present only the correct intention to the user. 
The embodiments of present invention can be applied to a 

database retrieving device which is configured to display 
corresponding map information or the like with respect to 
inquiries of geographical names or the like by means of 
Voices, an industrial robot which is configured to perform 
sorting of luggage or the like according to Voice command 
words, application Software on computers which is config 
ured to operate according to Voice instructions, a robot dia 
logue system which is configured to make conversation with 
a user, and so forth. 

Application of the Invention to a Program 
The above described series of processes may be performed 

by hardware or by software. 
In this case, as at least a part of the above described infor 

mation processing device, for example, a personal computer 
as shown in FIG. 21 may be employed. 
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In FIG. 21, a CPU (Central Processing Unit) 201 performs 
a variety of processes according to programs recorded in a 
ROM (Read Only Memory) 202, or performs a variety of 
programs according to a program loaded to a RAM (Random 
Access Memory) 203 from a storage section 208. Data or the 
like which is used for performing the various processes by the 
CPU201 is also appropriately stored in the RAM 203. 
The CPU 201, the ROM 202 and the RAM 203 are con 

nected to each other through a bus 204. The bus 204 is also 
connected with an input and output interface 205. 
An input section 206 including a keyboard or mouse, and 

an output section 207 including a display are connected to the 
input and output interface 205. Further, the storage section 
208 including a hard disc, and a communication section 209 
including a modem or terminal adaptor are connected thereto. 
The communication section 209 controls communication 
with respect to other devices (not shown) through a network 
including the Internet. 
A drive 210 is also connected to the input and output 

interface 205 as necessary, and a removable media 211 
including a magnetic disc, an optical disc, a magneto-optical 
disc, or a semiconductor memory is appropriately installed 
thereto. Further, the computer program read therefrom is 
installed in the storage section 208 as necessary. 

In a case where the series of processes is performed by 
software, the program which forms the software is installed in 
a computer which is set in specially used hardware, a univer 
sal personal computer capable of performing a variety of 
functions by installment of a variety of programs, or the like, 
from a network or a recording medium. 
As shown in FIG. 21, the recording medium including Such 

programs is provided with the removable media 211 (package 
media) Such as a magnetic disc (including a floppy disk), an 
optical disc (CD-ROM (Compact Disc-Read Only Memory), 
DVD (Digital Versatile Disc)), a magneto-optical disc (in 
cluding MD (MiniDisc)), or a semiconductor memory, which 
is separately provided from a device main body and is dis 
tributed to Supply the programs to a user, or is provided with 
the ROM 202 in which the programs are recorded, a hard disc 
included in the storage section 208, or the like in a state of 
being provided in advance in the device main body. 

In this description, steps for describing the programs to be 
recorded in the recording medium include processes which 
are performed in a time-sequence order, and processes which 
are performed in a parallel or individual manner. 
The present application contains subject matter related to 

that disclosed in Japanese Priority Patent Application JP 
2009-177578 filed in the Japan Patent Office on Jul. 30, 2009, 
the entire content of which is hereby incorporated by refer 
CCC. 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A voice processing device comprising: 
score calculation means for calculating a score indicating 

compatibility of a Voice signal input on the basis of an 
utterance of a user with each of plural pieces of intention 
information indicating each of a plurality of intentions; 

pre-score calculation means for calculating a pre-score, for 
each of the plural pieces of intention information, that 
specifies an occurrence probability for each of the plural 
pieces of intention information, the pre-score being cal 
culated based on transitioning through a state transition 
model based on words of the utterance of the user, a 
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plurality of states in the state transition model corre 
sponding to a predetermined conversation, the words of 
the utterance of the user being a condition that results in 
the transitioning, the score being based on the pre-score; 

intention selection means for selecting the intention infor 
mation indicating the intention of the utterance of the 
user among the plural pieces of intention information on 
the basis of the score calculated by the score calculation 
means; and 

intention reliability calculation means for calculating the 
reliability of the intention information selected by the 
intention selection means on the basis of the score cal 
culated by the score calculation means. 

2. The Voice processing device according to claim 1, 
wherein the score calculation means includes: 

acoustic score calculation means for calculating an acous 
tic score as the score indicating an acoustic compatibil 
ity of the voice signal with intention information, for 
each of the plural pieces of intention information; and 

language score calculation means for calculating a lan 
guage score as the score indicating a language compat 
ibility of the voice signal with intention information, for 
each of the plural pieces of intention information. 

3. The Voice processing device according to claim 1, 
wherein the pre-score calculation means adjusts the pre-score 
for each of the plural pieces of intention information in 
response to a context at the time when the Voice signal is 
input. 

4. The Voice processing device according to claim 3, 
wherein the score calculation means calculates the score of a 
voice Zone in the voice signal. 

5. The Voice processing device according to claim 3, 
wherein the score calculation means further calculates the 
score of the intention information which does not indicate a 
specific intention among the plural pieces of intention infor 
mation, and 

wherein the intention selection means determines, in a case 
where the intention information which does not indicate 
the specific intention is selected, that the utterance of the 
user corresponding to the Voice signal is a meaningless 
utterance which does not indicate a specific intention. 

6. The Voice processing device according to claim 3, 
wherein the score calculation means gives a weight to each of 
the acoustic score, the language score and the pre-score, and 

wherein the intention reliability calculation means adjusts 
each weight, and calculates the reliability on the basis of 
the scores each given the adjusted weight. 

7. The Voice processing device according to claim 3, fur 
ther comprising management means for managing an output 
based on the intention information selected by the intention 
selection means. 

8. The Voice processing device according to claim 1, 
wherein the score calculation means includes: 

acoustic score calculation means for calculating an acous 
tic score as the score indicating an acoustic compatibil 
ity of the voice signal with intention information, for 
each of the plural pieces of intention information, the 
acoustic score calculating means including a grammar 
database including a concatenation probability of at 
least one of a bigram grammar or a trigram grammar. 

9. The Voice processing device according to claim 1, 
wherein each of the plural pieces of intention information 

corresponds to one or more example sentences, the 
example sentences of each intention information being 
used to generate a dictionary and a grammar rule for the 
intention information, and the dictionary and the gram 
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mar rule being used by the score calculation means for 
calculating the score corresponding to the intention 
information. 

10. A Voice processing method comprising the steps of: 
calculating a score indicating compatibility of a voice sig 

nal input on the basis of an utterance of a user with each 
of plural pieces of intention information indicating each 
of a plurality of intentions; 

calculating a pre-score, for each of the plural pieces of 
intention information, that specifies an occurrence prob 
ability for each of the plural pieces of intention informa 
tion, the pre-score being calculated based on transition 
ing through a state transition model based on words of 
the utterance of the user, a plurality of states in the state 
transition model corresponding to a predetermined con 
versation, the words of the utterance of the user being a 
condition that results in the transitioning, the score being 
based on the pre-score; 

Selecting the intention information indicating the intention 
of the utterance of the user among the plural pieces of 
intention information on the basis of the score calculated 
by a process of the score calculation step; and 

calculating the reliability of the intention information 
Selected by a process of the intention selection step on 
the basis of the score calculated by the process of the 
score calculation step. 

11. A non-transitory computer-readable storage medium 
having computer readable program codes embodied in the 
computer readable storage medium that, when executed 
cause a computer to execute: 

calculating a score indicating compatibility of a voice sig 
nal input on the basis of an utterance of a user with each 
of plural pieces of intention information indicating each 
of a plurality of intentions; 

calculating a pre-score, for each of the plural pieces of 
intention information, that specifies an occurrence prob 
ability for each of the plural pieces of intention informa 
tion, the pre-score being calculated based on transition 
ing through a state transition model based on words of 
the utterance of the user, a plurality of states in the state 
transition model corresponding to a predetermined con 
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Versation, the words of the utterance of the user being a 
condition that results in the transitioning, the score being 
based on the pre-score; 

Selecting the intention information indicating the intention 
of the utterance of the user among the plural pieces of 
intention information on the basis of the calculated 
score; and 

calculating the reliability of the intention information 
Selected by a process of the intention selection step on 
the basis of the calculated score. 

12. A Voice processing device comprising: 
at least one hardware processor; 
a score calculation unit, implemented by the at least one 

hardware processor, configured to calculate a score indi 
cating compatibility of a voice signal input on the basis 
of an utterance of a user with each of plural pieces of 
intention information indicating each of a plurality of 
intentions; 

a pre-score calculation unit for calculating a pre-score, for 
each of the plural pieces of intention information, that 
specifies an occurrence probability for each of the plural 
pieces of intention information, the pre-score being cal 
culated based on transitioning through a state transition 
model based on words of the utterance of the user, a 
plurality of states in the state transition model corre 
sponding to a predetermined conversation, the words of 
the utterance of the user being a condition that results in 
the transitioning, the score being based on the pre-score: 

an intention selection unit, implemented by the at least one 
hardware processor, configured to select the intention 
information indicating the intention of the utterance of 
the user among the plural pieces of intention information 
on the basis of the score calculated by the score calcu 
lation unit; and 

an intention reliability calculation unit, implemented by 
the at least one hardware processor, configured to cal 
culate the reliability of the intention information 
selected by the intention selection unit on the basis of the 
score calculated by the score calculation unit. 


